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ABSTRACT 
 
Governments all over the world are faced with numerous challenges while running 
their countries on a daily basis. The predominant challenges which arise are those 
which involve statistical methodologies. Official statistics to South Africa’s 
infrastructure are very important and because of this it is important that an effort is 
made to reduce the challenges that occur during the development of official 
statistics. For official statistics to be developed successfully quality standards need 
to be built into an organisational framework and form a system of architecture 
(Statistics New Zealand 2009:1). Therefore, this study seeks to develop a statistical 
methodology that is appropriate and scientifically correct using an automated 
statistical system for audits in government regulatory authorities. The study makes 
use of Mathematica to provide guidelines on how to develop and use an automated 
statistical audit system. 
 
A comprehensive literature study was conducted using existing secondary sources. 
A quantitative research paradigm was adopted for this study, to empirically assess 
the demographic characteristics of tenants of Social Housing Estates and their 
perceptions towards the rental units they inhabit. More specifically a descriptive 
study was undertaken. Furthermore, a sample size was selected by means of 
convenience sampling for a case study on SHRA to assess the respondent’s 
biographical information. From this sample, a pilot study was conducted investigating 
the general perceptions of the respondents regarding the physical conditions and 
quality of their units.  
 
The technical development of an automated statistical audit system was discussed. 
This process involved the development and use of a questionnaire design tool, 
statistical analysis and reporting and how Mathematica software served as a 
platform for developing the system. The findings of this study provide insights on 
how government regulatory authorities can best utilise automated statistical audits 
for regulation purposes and achieved this by developing an automated statistical 
audit system for government regulatory authorities. It is hoped that the findings of 
this study will provide government regulatory authorities with practical suggestions or 
solutions regarding the generating of official statistics for regulatory purposes, and 
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that the suggestions for future research will inspire future researchers to further 
investigate automated statistical audit systems, statistical analysis, automated 
questionnaire development, and government regulatory authorities individually. 
 
KEYWORDS: Official statistics, Government regulatory authorities, Statistical audit 
systems, Mathematica.  
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CHAPTER ONE 
 
INTRODUCTION AND BACKGROUND TO THE STUDY 
 
1.1 INTRODUCTION AND PROBLEM STATEMENT 
 
Whether their uses are in the public or private sphere, independent, quality official 
statistics form a vital part of a country’s infrastructure. Official statistics forms the 
premise for decision making by business, communities, national and local 
government, investors and society in general (Statistics New Zealand 2009; Williams 
1997:309). Holt (2008:324) adds that the majority of all statistical information in a 
country comes directly from official statistics or is a derivative resulting from the 
secondary analyses of official data. 
 
Governments across the world invest a sizable amount in the public sector through 
social initiative policies and projects (Forbes, Bucknall & Pihama 2010). Official 
statistics are critical to government as they are used in the monitoring of policies, the 
delivery of public services and safeguarding the investment that government has 
made (Edmunds & Marchant 2008:14; Holt 2008:326). Edmunds and Marchant 
(2008:14) also note that official statistics are not only used for raising revenues, 
creating policies and delivering public services but are also used by citizens when 
assessing the accountability of government. 
 
Rao (2013:1071) emphasises the fact that the process of governance predominantly 
hinges on quality data that is produced without error and in a timely manner. Sohn, 
Chang and Moon (2008:403) further assert that producing quality official statistics 
depends on the procedures involved with data collection, data processing and 
reporting of results. Government also works closely with other agencies and 
authorities that produce official statistics in making sure that all information produced 
is relevant to the evolving needs of society (Cook & McDonald 1996:276).  
 
However, government faces specific challenges during the compilation of official 
statistics. The predominant challenge arising is that involving literacy in statistical 
methodologies. Gendall (1998:28) states that the theory of research design is an 
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elusive concept despite the number of books and articles written on the topic. 
Despite the number of studies that have been completed regarding research design 
and the statistical analysis thereof, the majority of public officials do not conduct 
survey research in an appropriate manner. This study thus seeks to develop a 
statistical methodology that is appropriate and scientifically correct for analysing 
surveys within government regulatory bodies and for public offices in general, and 
ensure that sound official statistics is created. This process starts from the 
questionnaire design going right through to generating a report. The compilation of 
official statistics is a complex process that is often taken for granted by public 
officials. Public officials often consult statisticians only after questionnaires for their 
surveys have been compiled and sent out to the relevant respondents and the 
necessary data has been collected. As a result statisticians may need to redesign 
the questionnaire in order to achieve the purpose of the survey. It is important that 
the questionnaire is designed in a methodologically correct manner that ensures the 
measuring instrument valid and reliable. If it is not valid, there may be many 
difficulties interpreting the results of a study (Rattray & Jones 2007:234). 
 
According to Križman, Klanjšček and Čerk (2002:141-142), the advent of an 
information society has led to a demand of collecting timely official statistics of a 
higher quality, in a more inexpensive way. Moreover, in recent times there has been 
increased pressure and demands placed on official statistics from a quality and 
quantity perspective. This is due to the fact that society has become ever more 
complex and interrelated. Official statistics should therefore accurately reveal the 
overall make-up and evolution of a society that is transforming rapidly (Malaguerra 
2005:189). 
 
Desrosières (2009:307) notes a recent trend in the civil services arena which has 
seen government organisations adopt neo-liberal management techniques 
developed by large private organisations. Among these are measures that assess 
the performance and quality of products and processes. As part of the outputs of 
public management, official statistics have also been subjected to such 
transformations in management techniques. Sound statistics form a crucial part in 
measuring the performance of organisational products. 
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It thus becomes important to have sound statistical systems and methodologies that 
support government in policy decision-making processes, regulation and governance 
(Statistics New Zealand 2009:1). For official statistics to be developed successfully 
quality standards are built into an organisational framework. This framework involves 
a system that defines the “preparation, implementation and development of a 
statistical programme and product outputs” (Official Statistics 2005:21).  Eltinge, 
Biemer and Holmberg (2013:125-126) refer to such a system as a system 
architecture. Eltinge et al. (2013:125-126) describe a system architecture as a 
“statistical production system”, used in sample surveys, that encompasses system 
inputs, outputs, logic, subsystems performance characteristics and outputs 
necessary for statistical analysis and reporting. 
 
In the face of continuous re-evaluation of progress and targets it becomes important 
to find a system that harmonises these iterative processes. Moreover the case study 
used in this research contains a large number of Social Housing Estates (found in 
urban areas across South Africa), from here onwards referred to as SHE’s that form 
the dataset to be analysed. The SHE’s have to be analysed individually and as a 
combined national average. Furthermore the analysis needs to be completed at least 
every three years and includes revisions of questionnaires and the inclusion of more 
SHE’s, among other things. The manual analysis of such a large number of datasets 
is daunting, tedious, time consuming and may be susceptible to human error. By 
developing a tool in Mathematica, the Social Housing Regulatory Authority (SHRA) 
case study will make use of a statistically and methodologically correct 
questionnaire, code book, statistical analysis of official data, and interpretation and 
automated reporting of results. 
 
Following the introduction is the purpose of the study, research objectives and the 
research design and methodology. Lastly, the scope of the study and the structure of 
the research will be provided. 
 
1.2 PURPOSE OF THE STUDY 
 
Given the lack of knowledge and skills in statistical systems and methodologies 
faced by government regulatory authorities, the purpose of this study is to provide 
 4 
 
insights on how government regulatory authorities can best utilise automated 
statistical audits for regulation purposes. By utilising more effective statistical 
systems in compiling official statistics, regulatory authorities can ensure the quality of 
the statistics produced can bring about more effective service delivery. Elahi 
(2008:1) explains that official statistics supply users with information that is 
necessary in the effective planning, monitoring and evaluation of social programs 
and policies. 
 
1.3 RESEARCH OBJECTIVES 
 
The primary objective of this study is to develop a statistical methodology that is 
appropriate and scientifically correct using an automated statistical system for audits 
in government regulatory authorities.  
 
To give effect to the primary objective of this study the following secondary research 
objectives have been formulated as: 
 Secondary objective 1: To conduct a literature review regarding the nature 
and importance of official statistics as well as the principles of official 
statistics. This study will also explain government regulatory authorities, the 
need for regulation and challenges they face. In addition, statistical audit 
systems and Mathematica as a tool for developing audit systems will be 
discussed. 
 Secondary objective 2: The development of an integrated tool of analysis 
necessary for a complete statistical study starting from the questionnaire 
design going right through to generating a report. Furthermore, the study will 
investigate which research paradigm, research methodology and data 
collection methods would be more suitable to address the research 
problem. 
 Secondary objective 3: To provide guidelines on how to develop and use an 
automated statistical audit system using Mathematica software. To 
empirically assess the demographic characteristics of tenants of Social 
Housing Estates and their perceptions towards the rental units they inhabit. 
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 Secondary objective 4: To provide guidelines to government regulatory 
authorities on how to develop an appropriate and methodologically correct 
questionnaire, code book, statistical analysis of official data and 
interpretation and reporting of results. 
 
1.4 RESEARCH DESIGN AND METHODOLOGY 
 
In this section the technical development of the statistical audit system is discussed 
as well as investigating the type of analysis used for this specific audit system. The 
creation of an automated statistical audit system has four distinctive phases that 
have to be completed, namely; 
 Survey design development tool; 
 Creation of data input (codebook) templates; 
 Data analysis; 
 Data output; and  
 Ethical consideration. 
 
Mathematica is one such system that possesses the capabilities necessary in 
completing all the steps of such a process. Mathematica, unlike any other statistical 
software, is not just a statistics package used for analysis but is a tool that 
possesses a complete mix of analysis, graphic representation, presentation and 
word processing tools such that a streamlined workflow from the development of a 
concept to the final result or output is produced (Wolfram Research Incorporated 
2012). In other words it is possible to combine all of the five abovementioned phases 
into a single integrated tool. An introduction regarding a case study illustrating how 
the Social Housing Regulatory Authority governs low cost housing will also be 
explained in this section. 
 
1.4.1 SURVEY DESIGN 
 
This phase involves the use of Mathematica in developing an interactive 
questionnaire design tool. The purpose of this tool is to assist public officials in 
creating methodologically correct questionnaires for surveys and will include an 
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extensive help function that assists users. The form of questions shall range from 
closed-ended questions to open-ended questions. Closed-ended questions include 
those questions that require the respondent to choose from a set of available 
options. Open-ended questions do not require the respondent to choose from a list 
of options but simply respond to the question at hand to the best of their ability. As 
the measuring instrument for this study the questionnaire is composed of two 
sections. The first section will request the demographic information of respondents. 
The second section consists of items that measure the tenant satisfaction of the 
SHE’s in which the respondents occupy. The end-product is a printable portable 
document format (pdf) file that can be read by most computers. 
 
1.4.2 DATA INPUT 
 
Data input includes the editing, coding and entering of data before analysing the data 
collected. According to Cooper and Schindler (2008:415), editing allows for data that 
is accurate, consistent with the intended questions, uniformly entered, completed 
and to simplify coding and tabulation. Also, Tashakkori and Teddlie (2010:443) 
explain that coding of information is merely involved with qualitative sources that are 
being converted into a numerical form using a variety of codes. Data entering 
involved entering of the raw data received from a respondent into a Microsoft Excel 
spreadsheet or any other spreadsheet for further analysis.  However, it is important 
to note that some of the raw data may have missing data as a result of questions 
being missed or deliberately not answered by the respondents. 
 
1.4.3 DATA THROUGHPUT AND ANALYSIS 
 
For the proposed study, a quantitative research methodology will be conducted. 
According to Zikmund (2003:111), quantitative research is used to explain a 
phenomenon in a numerical manner and can be useful in determining the quantity of 
a variable. The population in regards to this study will comprise of the tenants of the 
low cost housing projects or Social Housing Estates (SHE’s) in South Africa. 
 
Collis and Hussey (2003:66) identify two main types of surveys; descriptive and 
analytical. Descriptive surveys looks into not only identifying but also counting a 
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specific populations frequency for comparing the population. For the purposes of this 
study descriptive research methods will be used to obtain the empirical findings. This 
is due to the fact that SHRA only requires and thus requested a compilation of a 
report that assesses the demography of each SHE compared to all the estates 
combined as a national average or benchmark. Descriptive research, according to 
Zikmund, Babin, Carr and Griffin (2010:651) is describing the characteristics of 
objects, people, groups, organisations or environments to illustrate a given situation. 
Descriptive statistics are defined as statistical procedures utilised by researchers to 
organise and summarise raw, cumbersome data into a form that is more meaningful. 
This process involves the calculation of measures of central tendency and measures 
of dispersion. These include statistics such as means, standard deviations and 
frequency distributions. The use of summation and description of data through visual 
means such as graphs, charts and histograms are crucial aspects in the analysing of 
demography of the inhabitants of the low cost housing initiative. For the purpose of 
this study a self-administered questionnaire by SHRA will be used as the measuring 
instrument. Other forms of data analysis include explanatory statistics and inferential 
statistics, which will be discussed further in chapter four of this study.  
 
1.4.4 DATA OUTPUT 
 
Data output is the process of presenting the statistical results in the form of a report. 
Statistical results ensure that basic information is provided to the public, suggest a 
standard publication that is regular and lastly individual customer demands can be 
identified and dealt with accordingly (Official statistics 2005:19). According to Collis 
and Hussey (2003:301-312), statistical data can be presented by making use of four 
ways and these include: text paragraph, semi-tabular form, tables and graphics. This 
study will make use of tables in chapter five of this study to represent the results of 
this study.  
 
1.5 STRUCTURE OF THE STUDY 
 
The study shall be comprised of six chapters. Chapter one provides a background 
and an introduction to the study, the problem statement and objectives of the study, 
and presents a basic outline to the study.  
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Chapter two will deal with the literature review regarding official statistics and 
government regulatory authorities. An in-depth discussion on the importance of 
official statistics and the principles of official statistics will follow. In addition, the need 
for regulation, the challenges faced by government regulatory authorities will also be 
discussed.  
 
Chapter three discusses statistical audit systems, and Mathematica as a tool for 
statistical audits as well as the features of Mathematica. Statistical audit systems will 
be discussed, looking into the management of quality. Finally, an introduction into 
low cost housing in South Africa will be discussed.  
 
Chapter four of the study focuses on the research design concepts, and the research 
methodology. Survey design, data input, data analysis and data output will be 
discussed. Ethical considerations that are for statistical data collection will also be 
explained. Following this will be a short case study on the social housing regulatory 
authority explaining the brief of the low cost housing project. Also ethical 
considerations that need to be taken into account during data collection and analysis 
will be discussed. 
 
Chapter five focuses on the technical construction of the tenant audit system. 
Inclusive of this process is the development of code that shall be used to facilitate 
the construction of the tenant audit system. This chapter will present the integrated 
system as a whole and the resultant reports created. Furthermore, chapter five will 
provide guidelines to government regulatory authorities on how to develop an 
appropriate and methodologically correct questionnaire, code book, statistical 
analysis of official data, interpretation and reporting of results. This phase involves 
the designing of a system to develop a questionnaire, creation of a data input file 
(codebook), a document (Microsoft Excel) in which all the data provided by the 
respondents shall be captured. The data input document shall have pre-installed 
headings and data validations that allow for easy and understandable data input for 
those collecting data. Mathematica allows for the creation, import and export of such 
documents with relative ease (Wolfram Research Incorporates 2012). Templates for 
the final report documents shall be created and deployed using Mathematica. These 
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templates make it easier for the program to fill in the necessary results and 
conclusions from analysis. 
 
Lastly, this chapter will provide conclusions and recommendations from this study. 
This will include a conclusive report that highlights all the conclusions and 
recommendations of the study to SHRA and the Department of Human Settlements. 
In conclusion, an overall summary of the study will be discussed. 
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CHAPTER TWO 
 
OFFICIAL STATISTICS AND GOVERNMENT REGULATORY AUTHORITIES 
 
2.1 INTRODUCTION 
 
The aim of this study is to create an automated statistical system for audits in 
government regulatory authorities. According to Holt (2008:326), official statistics 
have a huge impact in the daily lives of individuals as they are used by regulatory 
authorities to monitor and develop public policies and monitor the delivery of public 
services. Therefore, government organisations make use official statistics to monitor 
the perceptions and performance of government as well as any change in society.  
 
In order to provide a theoretical context for this study, this chapter will commence by 
describing official statistics, what it is and the importance of official statistics. A 
discussion on the principles thereof will be provided. Following this, government 
regulatory authority will be discussed and why it is important to have them in place 
as well as the challenges that they are faced with.  
 
2.2 OFFICIAL STATISTICS  
 
The majority of countries in the world have at least one government agency that 
supplies decision-makers, researchers and the public with a continuous flow of 
information. This data or information is usually called official statistics (Nordbotten 
2008:206). Forbes, Ralphs, Goodyear and Pihama (2011:7) state that there is no 
generally accepted definition for official statistics that accounts for the varying degree 
in the amount of and types of statistics that different countries collect and publish. 
However, Forbes et al. (2011:7) continue by stating the most generalised definition 
of official statistics does not need to encompass this issue.  
 
Official statistics may be defined as any statistical output produced by government 
departments, ministries, authorities of national statistics and all independent 
agencies commissioned by government through legislature (UK Statistics Authority 
2011). According to Marshall (1998), official statistics is statistical information that is 
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generated, compiled, summarised and distributed by governments, their agencies 
and international organisations. Official statistics are statistics that are produced by 
specific authorities that fall in line with the federal structure of government and are 
specifically set up for that purpose (Official Statistics 2005:4). Pink (2004:232) 
defines official statistics as statistics gathered by departments of public office from 
statistical surveys, administrative and registration records, the analysis of which is 
published fairly regularly.  
 
The Tokelau National Statistics Office (2013:3) also defines official statistics as those 
statistics produced regularly by government departments. These departments and 
independent agencies prepare statistics in terms of the correct methodology and 
technology. For the purpose of this study, the abovementioned definition will be used 
to define official statistics. Government departments and agencies also compile, 
organise, analyse, present and publish regular results as official statistics thus 
helping users improve their knowledge regarding a certain topic and enabling 
comparison over time (Official Statistics 2005:4). Marshall (1998) adds that official 
statistics tries to provide conclusive information that adheres to international norms, 
standards, classifications and definitions thus allowing for comparability between 
countries. 
 
Forbes et al. (2011:9) state that official statistics may be classified into three distinct 
levels. The first level is known as indicators and they place an emphasis on time 
series data. The second level, intermediate statistics provide more detailed 
aggregate data which explore relationships between variables or between multiple 
data compilations. The third level of official statistics known as micro-data and is 
composed of raw data that is used for more complex or specific analysis. Forbes et 
al. (2011:9) continues by stating that there is a different role in policy decision-
making that each official statistics level plays. Indicators or macro data are often 
used by policy influencers such as parliament whilst second level statistics are 
utilised by policy advisers. Lastly, third level statistics are often used by policy 
researchers. 
 
According to Elahi (2008:11), official statistics are a major component of Applied 
Statistics and defines applied statistics as the practical application of statistics. Elahi 
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(2008:11) differentiates official statistics as a part of applied statistics as opposed to 
theoretical statistics by stating that the latter is used for modelling-based prediction 
and research. However, official statistics may be used in model based research. The 
Official Statistics (2005:3) states that data collected by government departments and 
agencies may also be used as the basic material for a number of empirical analyses 
to be conducted by various scientific institutes and business researchers. Official 
statistics may also be used to provide information on target populations in the 
economy or society thereby expanding sample results (Official Statistics 2005:3). 
Official statistics forms the cornerstone of good governance by serving the 
government and public with quantitative and qualitative information regarding the 
economic, environmental, demographic and social landscape of a country (Tokelau 
National Statistics Office 2013:3). Forbes et al. (2011:7) add that official statistics are 
generated from survey or administrative data (primary and secondary data sources 
respectively) and provide the support of economic, social and environmental policy 
development. Statistics like these are often national in terms of representation 
because they are often obtained from large scale national surveys, databases and 
censuses (Marshall 1998). However, these types of statistics may also provide highly 
detailed regional breakdowns on the well-being of the environment and development 
of society, the economy and the public sector in different areas of the country 
(Official Statistics 2005:3). The following section delves deeper into official statistics 
by further discussing the importance and principles of official statistics. 
 
2.2.1 THE IMPORTANCE OF OFFICIAL STATISTICS  
 
One of the main purposes of governments is the promotion of the general welfare of 
its citizens (Independence Hall Association 2008). To achieve this goal, governments 
invest significant amounts of time, effort and money in the public sector. A major 
aspect of this investment is the supply of good advice (Forbes et al. 2010:1). 
According to Statistics New Zealand (2009:2), government’s aim is to make certain 
decisions regarding policy that increase productivity and economic growth, thereby 
lifting the standard of living of its population.  
 
Information forms an important premise for any democratic decision-making process. 
This is true not only for the public sector but for the private sector as well (Official 
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Statistics 2005:3). In the public sector government gathers the information needed to 
make critical decisions by collecting official statistics. Official statistics assists the 
government to inform certain policy debates, to make well-informed decisions 
regarding the welfare of the country and to observe the progress of the well-being of 
the nation (Statistics New Zealand 2009:2). Malaguerra (2005:187) adds that official 
statistics play a crucial part in the development of democratic societies and the 
democratic process is impossible without the existence of a national statistics 
institute. These statistics are necessary for government to make important decisions 
regarding issues such as government spending investment and the provision of 
social services (Statistics New Zealand 2009:3). Holt (2008:326) adds that official 
statistics are expansively used for monitoring policies, service delivery and decision-
making in both public and private sectors. Official statistics provide verifiable 
information that assists in the effective planning, monitoring and evaluation of socio-
economic policies and programs (Elahi 2008:11).  
 
Holt (2008:326) explains that it is a difficult process to underestimate the impact that 
official statistics have on everyday life. Official statistics form part the core of public 
policy and regulation procedures. These statistics are a result of a process of data 
collection, analysis and dissemination of information used for policy development 
and monitoring, resource allocation and service delivery (Holt 2007:1). Official 
statistics form a crucial tool in the decision-making process of researchers, planners, 
analysts, policy makers and regulators alike (Elahi 2008:11). Examples of the type of 
policy decisions made using these statistics include the mortgages that people pay, 
the inflation a country experiences, the interest rates that people accrue on their 
savings and the decision to build more public hospitals (Holt 2008:326). On a more 
personal level Holt (2008:326) further explains that official statistics either implicitly 
or explicitly affects the perceptions of service delivery, public healthcare 
performance, the choice of neighbourhood to live in and the choice of school that 
people take their children to. Statistics New Zealand (2009:3) emphasises the 
importance that decisions are based on reliable statistical information because this 
enhances the success of interventions and ensures better outcomes. 
 
According to Edmunds and Marchant (2008:11), official statistics provide a precise, 
current, comprehensive and profound image of society and the environment that 
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assists in the creation and examination of policies at all levels of government. Official 
statistics help people view and understand the current state of affairs, whether it be 
of a physical, social, economic or environmental nature (Statistics New Zealand 
2009:3). They also provide stakeholders with a view into the inner workings and 
performance of government by exposing the scale of activity in public policy. This 
thereby allows stakeholders to evaluate the effects of public policies and improves 
government accountability (Tokelau National Statistics Office 2013:3). These 
statistics directly affect the manner in which the public perceives government 
performance (Holt 2008:326). Similarly, Edmunds and Marchant (2008:11) add that 
official statistics provide a view on government’s work and performance thus allowing 
for the assessment of the effects of government policies and actions to be 
determined. 
 
One of the other purposes of official statistics is to provide an objective depiction of 
the social and economic environment of a country. This is necessary for a country to 
meet its international obligations and assists those who trade in the economy (Cook 
& McDonald 1996:275). Official statistics not only inform parliament and people 
regarding the condition of the country but supplies researchers and analysts with a 
statistical archive of information that helps in conducting work and school activities. 
These types of statistics also provide businesses with a service that helps ensure the 
efficient performance of industry (Edmunds & Marchant 2008:11). Statistics New 
Zealand (2009:2) adds that businesses use official statistics to make good 
investment decisions that help them become globally competitive organisations. 
Since official statistics play an important part in national and international decision-
making, official statistics have to be readily accessible, of high quality and easily 
understood by their users (Forbes et al. 2011:10). Statistics regarding social 
outcomes and productivity that are unbiased and reliable allows government to 
evaluate the costs, benefits and value for money from public spending (Statistics 
New Zealand 2009:2). Nordbotten (2008:206) also adds that objective statistics 
produced on a continuous basis allows for effective measurement of change and 
improvement. Impartial, quality statistics are important to the infrastructure of a 
country as they underpin all commercial, individual and communal decisions 
(Statistics New Zealand 2009:3). 
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According to Statistics New Zealand (2009:3), official statistics that are independent 
and of high quality form an important part of the infrastructure of a country. Holt 
(2007:6) adds that the creation and dissemination of impartial, scientifically sound 
official statistics that are not influenced by politics is always important to any 
regulatory or decision-making process. Official statistics that are scientifically 
independent, neutral and objective ensure that the users of these statistics have high 
confidence in their quality (Official Statistics 2005:3). The independence of national 
statistical offices and regulatory authorities, and the use of the official statistics 
systems corresponding to principles further emphasises the integrity of national 
statistical systems (Statistics New Zealand 2009:3). A brief discussion of the 
principles of official statistics follows in the next section. 
 
2.2.2 PRINCIPLES OF OFFICIAL STATISTICS 
 
According to Tokelau National Statistics Office (2013:3), principles for official 
statistics were first developed in the United Nations to allow for statistics that is 
independent from the statistics office both nationally and internationally. However, 
this author further states that these principles are designed with the sole purpose of 
working with the statistics legislation and more importantly it ensures transparency. 
Also, Statistics Mauritius (2013:4) as well as the UK Statistics Authority (2009:4) 
further add that these principles are there to ensure that official statistics are of a 
high standard which is in turn are used to ensure that consumers needs are met and 
are explained appropriately. Numerous authors identify various principles of official 
statistics, however, for the purpose of this study the author will only discuss 
accuracy, confidentiality, the use of sound methodology and timeliness and 
punctuality in the following paragraphs.  
 
2.2.2.1 Accuracy 
 
According to Statistics Mauritius (2013:16), it is important to ensure that official 
statistic are accurate and reliable at all times and are in fact reflecting the reality of 
any information. Brackstone (1999:3) refers to accuracy as having attained the exact 
measurements and maintaining an acceptable “margin of error”. Statistics Mauritius 
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(2013:16) and Statistics Finland (2007:11) states that accuracy can be achieved in a 
number of ways and these include:  
 Source data, intermediate results and statistical outputs; these are then 
assessed and validated. 
 Sampling errors and non-sampling errors are measured and documented 
systematically. 
 Studies and analyses of revisions are carried out routinely and used 
internally to inform statistical processes. 
 
Statistics Mauritius (2013:16) further states that accuracy results in an increase in 
confidence and trust in official statistics from the users. To ensure that accuracy is 
well managed and receives the attention that it requires, three key stages have been 
developed to survey the process. These include; design, implementation and 
assessment (Brackstone1999:3). 
 
2.2.2.2 Confidentiality 
 
According to Statistics Finland (2007:8), statistical confidentiality entails protecting 
any singular information datum that has been obtained for direct statistical purposes 
or not. Confidentiality involves ensuring that all individual data collected by statistical 
agency for statistical purposes remains unknown and is only used for statistical 
purposes (Tokelau National Statistics Office 2013:5). Statistics Mauritius (2013:9) 
adds that all information provided for statistical use must remain confidential and 
ensure that the privacy of the data providers is maintained. Also, all the information 
collected must be stored in such a manner that it is not easily accessible to the 
public and ensure that no individual or institutional information is published in such a 
way that the data providers are not recognisable (Tokelau National Statistics Office 
2013:7).  
 
The UK Statistics Authority (2009:9) identified ways in which official statistical 
information should be used to maintain the confidentiality of data providers and these 
include:  
 Keeping all confidential information confidential; 
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 Informing the data providers and censuses on how confidentiality will be 
maintained;  
 Ensuring no personal information of the data providers is revealed;  
 Preparing protection agreements that cover the confidentiality requirements; 
and  
 Ensuring that other protection measures are in place and have been 
authorised. 
 
2.2.2.3 Use of Sound Methodology 
 
Statistics Mauritius (2013:11) as well as the UK Statistics Authority (2009:8) both 
explain that the methodological framework should be consistent with the scientific 
principles and international practices that have been recognised as the best over the 
years and are fully documented. According to Statistic Finland (2007:7), a scientific 
criterion is used for selecting the methodology and any data used for the 
methodology should be reliable. In addition, Seltzer (2005:2) states that failure to use 
sound methods can be seen as a serious unethical conduct and be scientifically 
incorrect, because of this it is important to ensure the use of a sound methodology. 
 
2.2.2.4 Timeliness and Punctuality 
 
Brackstone (1999:11) refers to the timeliness of producing official statistics as the 
length of time it takes one to attain information from the different data providers up 
until the time the information is made available for use. The aforementioned author 
further states that it is important to remember this time frame while doing the 
research to ensure that when results are published they are still considered useful 
for its main purpose. Statistics Mauritius (2013:17) states that it is important that 
official statistics is distributed among its users in a timely and punctual manner to 
ensure more effective and timely policies, as well as better development progress. 
 
In addition to the abovementioned, table 2.1 indicates some of the quality 
dimensions (principles of official statistics) that are considered by agencies or 
different countries that supply official statistics. The table clearly shows that different 
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countries use the same principles, and this shows that these principles are regarded 
as important regardless of the country or the agency. The table also shows that 
completeness is not used as often as the other principles. 
 
TABLE 2.1: Summary of Quality Dimensions used by Agency Supplying 
Official Statistics 
 Korea Canada Netherlands Eurostat IMF 
Relevance x x x  X x 
Accuracy x x x X x 
Timeliness x x x X x 
Accessibility x x x X x 
Comparability x  x x X  
Efficiency x x  X  
Completeness    X  
(Source: Sohn et al. 2008:404) 
  
2.3 GOVERNMENT REGULATORY AUTHORITIES 
 
The concept of regulation is a difficult term to define like many other political 
concepts. This is mainly because different individuals come up with different 
meanings for such concepts. Levi-Faur (2010:4) describes regulation as an 
individual in power such as the government and companies, who makes laws to 
govern the country. For the purpose of this study the researcher will only discuss 
regulation from the government. The aforementioned author also explains that 
regulation is not a type of policy, but involves forms and patterns of political conflict 
that establishes how resources will be used and the costs thereof. Moreover, 
Braithwaite, Coglianese and Levi-Faur (2007:3) define regulation as the 
government’s ability to guide the flow of events and behaviour acceptable to a 
country. This type of regulation is known as government regulation and is used 
throughout this study to define regulatory governance.  
 
Regulatory governance involves the monitoring of regulatory agencies, 
disseminating of changes and testing the laws currently in place (Goings, Johnson, 
Marshall & Goette 2007:71). According to Stern and Holder (1999:35), regulation 
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covers issues such as health and safety at work, environmental standards and 
economic issues.  Also, Stern and Holder (1999:34) add that regulatory governance 
is a method used by government to fund their social and environmental objectives as 
a substitute for taxation. Social objectives involve issues such as social housing, 
welfare, education and health to the public. On the other hand, environmental 
objectives include issues such as sanitation, decreasing of pollution and finding 
sources of clean renewable energy.   
 
To ensure that the abovementioned objectives are dealt with accordingly, a 
regulatory system is put in place to support the government institutions. The 
regulatory system will be discussed further in the following section.  
 
2.3.1 THE NEED FOR REGULATION 
 
Like many other laws, government regulation can be regarded as both bad and 
good. Bad regulation can be the cause of enormous danger towards the public. 
However, good regulation has the ability to control forthcoming problems that may 
eventually lead to issues such as bankruptcy and war (Braithwaite et al. 2007:4). 
This clearly shows that government regulatory authorities are an important part of 
governing any country. According to Levi-Faur (2010:20), government regulation 
also serves as an effective governance tool that ensures better welfare for the public, 
reducing market failure and reducing social risks. Stern and Holder (1999:36) states 
that regulatory governance identifies three main functions of the authorities and 
these include: 
 Policy making; 
 Ownership and management; and 
 Regulation. 
 
Additionally, Eltinge et al. (2013:138) state that there are roles and responsibilities of 
management found in governance processes namely; 
 Resource allocation; 
 The procurement and assessment of information dealing with cost, risk and 
quality factors that is necessary for decision-making; 
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 Deciding what skills, expertise and experience is necessary for the 
completion of objectives; 
 The communication and implementation of decisions taken; and 
 Resolving disputes between stakeholders, especially those arising from 
trade-offs found between cost, risk and quality factors. 
 
Furthermore, these functions are carried out by the same organisations and result in 
negotiations between the parties involved (Stern & Holder 1999:36). On the other 
hand, Levi-Fuar (2010:10) adds that regulation is important to ensure accountability 
and transparency from the government. This author further explains that regulatory 
systems within the government organisations allow for the government to monitor the 
systems in place properly in accordance to the set standards.  Also regulatory 
systems ensure efficient provision of service delivery at the lowest cost possible and 
also allows for the government to receive nominal real rate of returns (Stern & Holder 
1999:38).   
 
Levi-Faur (2010:11) identifies three strategies of regulation that can be employed 
within any organisation and these are: First Party regulation, Second Party regulation 
and Third Party regulation. The First Party regulation is self-regulated and the 
regulator is also referred to as the regulatee. On the other hand, the Second Party 
regulation consists of a distinction between the social political economic and 
administrative division of labour and an independent regulator. Lastly, the Third Party 
regulator is the relationship between the regulator and the regulatee being mediated 
by an independent regulatory-auditor (Levi-Faur 2010:11). For the purpose of this 
study the government makes use of the Second Party regulation. The division is 
specified to the housing and the Social Housing Regulatory Authority acts as the 
independent regulator. This will be further explained in the case study that will be 
discussed in chapter three. Furthermore, by implanting the Second Party regulation 
the government is able to maintain both accountability and transparency to the 
public.  
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However, regardless the need for regulatory governance the government institutions 
are faced with numerous challenges and these will be looked into in the following 
section.    
 
2.3.2 CHALLENGES FACING GOVERNMENT REGULATORY AUTHORITIES 
 
Much of the academic research currently conducted focuses on governance of 
regulation. According to Levi-Faur (2010:21), this has been mainly caused by the 
increase in issues that arise as a result of regulation. The aforementioned author 
further state that challenges facing regulatory governance is a result of effectiveness 
of regulation as well as democratic control. 
 
Effectiveness of direct regulation is the first major challenge and emphasises the 
weakness of command and control systems (Levi-Faur 2010:21). These systems 
stipulate exactly what an entity is supposed to do in the form of standards, leaving no 
room for case by case discretionary regulation. Moreover, failing to adhere to these 
standards comes with strict government sanctions as means of punishment (Levi-
Faur 2010:21).  These strict regulations can also lead to the issues identified below 
(Levi-Faur 2010:22):  
 Expensive and ineffective regulatory strategies;  
 Inflexible regulatory strategies encouraging adversarial enforcement; 
 Legal constraints on issues such as the subjects, procedures and scope of 
regulatory discretion;  
 Regulatees’ resentment eventually leading to non-compliance;  
 Present on obstacles to innovation; and  
 Set lowest common denomination for regulatees to follow instead of 
supplying incentives for better standards. 
 
Bardach and Kagan (1982) also identify issues such as the setting of unreasonable 
rules. Strict authorities’ and unpredictable enforcement practices can be identified by 
implementing strict regulations and results in bad relationships between the 
regulators and regulatees. However, it is important to note that over time, strategies 
have been set out to overcome the aforementioned weaknesses. These include: 
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deregulation; turning to lite and management-based regulation; promoting 
responsive regulation, voluntary, negotiated and cooperative forms of regulation; 
improving the regulatory arsenal, quality and training of regulators and the quality of 
regulatory design; and institutionalising regulatory impact analysis and cost-benefit 
techniques (Baldwin 2008; Croley 2008; Giladri 2008; Radaelli & De Francesco 
2007; Braithwaite 2005).  
 
The second challenge is the democratic qualities or weaknesses associated with 
regulation. According to Kerwin (1994:161), one of the democratic challenges is that 
regulators are not directly accountable to the public as they are not elected by the 
people. Another challenge of democratic qualities is that even though people are 
governed by fixed, known and specified laws, these rules are often amended and 
therefore making it impossible for the majority of people to act within these laws 
without attaining legal advice (Taggart 2005; Raz 1979:214-215). Also, international 
administrative law is continuously growing and therefore the implementation of more 
innovative forms of democratic leadership is needed (Braithwaite & Drahos 2000:3-
4). Lastly, the forming of a private government which results in less democratic 
governance and eventually leads to an imbalance between corporate structures and 
the state (Haufler 2002). 
 
From a more statistical perspective regulatory authorities face numerous challenges 
in the application and use of statistics as a tool for regulation. Elahi (2008:12) 
mentions that a lack of administrative support and will by politicians dampens the 
development of an autonomous statistical architecture. Brackstone (1999:3) states 
that managing data quality is one of the most important statistical challenges in a 
regulatory authority or a statistical agency. Brackstone further adds that the 
credibility, objectivity and independence of an authority come into question when 
confidence in the information they provide is not present. This leads to public policy 
debates squabbling about the correctness of numbers rather than the advantages of 
alternative policies (Brackstone 1999:3). According to Elahi (2008:11), external 
challenges that face statistical effectiveness of offices are caused by a low level of 
statistical literacy which may affect the appreciation of statistical procedures, such as 
data collection.  
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The following chapter proposes a potential solution for the challenges experienced 
by regulatory authorities. 
 
2.4 SUMMARY 
 
The focus of this chapter was on describing official statistics and government 
regulatory authorities. For the purpose of this study, official statistics was defined as 
statistics produced regularly by government departments, in addition the different  
departments and independent agencies prepare statistics in terms of the correct 
methodology and technology (Tokelau National Statistics Office 2013:3). 
 
The importance and principles of official statistics were specifically highlighted and 
explained in detail. The researcher makes specific emphasis on accuracy, 
confidentiality, using a sound methodology and timeliness and punctuality as some 
of the principles of official statistics. Government regulatory authorities were defined. 
Also, the need to regulate and the challenge facing government regulatory 
authorities were described.  
 
Regulatory authorities experience challenges and statistical audit systems have 
been identified as a potential solution.  In chapter three statistical audit systems will 
be discussed. Specific emphasis will be on how Mathematica can be used as a tool 
for the statistical audit systems. 
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CHAPTER THREE 
 
STATISTICAL AUDIT SYSTEMS AND MATHEMATICA 
 
3.1 INTRODUCTION 
 
The primary objective of this study is to develop a statistical methodology that is 
appropriate and scientifically correct using an automated statistical system for audits 
in government regulatory authorities.  
 
Chapter three will begin by discussing the theory of a statistical audit system, which 
will include quality management of statistics production. Following this, the 
researcher will discuss Mathematica and how it can be used as a tool for statistical 
audit systems. The features of Mathematica will also be briefly explained. Moreover, 
the researcher will discuss the current situation of social housing in South Africa as a 
theoretical background for the case study that will be discussed in the next chapter. 
 
3.2 STATISTICAL AUDIT SYSTEMS: A TOOL FOR REGULATION 
 
One of the main purposes of public offices such as statistical and regulatory offices 
is to observe changes in society using official statistics. These institutions legally 
adjust their products and services in line with changes in demand and improve work 
processes by utilising new scientific findings, technologies and developments in their 
models and production processes (Official Statistics 2005:4-5). It thus becomes 
important to have a statistical architecture that provides a reference point for the 
efficient coordination of processes, information flows, production components and 
the making of decisions (Eltinge et al. 2013:125). Moreover, Eltinge et al. (2013:125) 
go on to state that this statistical architecture is notably important for a number of 
cases in an organisation. These include the management of changing old systems 
into new ones, the reduction of costs and risks and the improvement of data quality. 
 
As a result the quality of official statistics and the systems that produce them are 
emphasised because these statistics provide information for policy decision-making 
at numerous levels of society (United Nations Statistics Division 2007). Additionally, 
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Holt (2000:1011) states that there is a strong relationship between the quality of 
statistics and how much trust users have in these statistics. According to Brackstone 
(1999:2), dubious information may cause the credibility of an agency’s reputation as 
a source of quality and independent information to be doubted. Statistics is only 
relevant when the information derived from it meets the requirements of the intended 
users (Official Statistics 2005:5). 
 
As a solution to quality issues statistical audits are used to check quality 
management of statistical production processes in organisations (United Nations 
Statistics Division 2007). Sastry (2011:3) defines a statistical audit as an evaluation 
mechanism that focuses on the quality aspects of producing statistics and the results 
of these statistics. Statistical audits also identify and find solutions for possible areas 
of improvement in statistical products and procedures (United Nations Statistics 
Division 2007). Audits of this nature may be applied to a number of statistical 
processes including surveys, administrative data and studies (Sastry 2011:3).  
 
For the purposes of this research however, statistical audit systems are defined in 
twofold. The first part of the definition, as mentioned above, is a statistical quality 
management system (Sastry 2011:3; United Nations Statistics Division 2007). In 
order to properly define the second portion of statistical audit systems it is necessary 
to define the meaning of an audit in general. An audit may be defined as a process 
of gathering evidence that will be used to measure how well certain criteria are being 
met (Praxiom Research Group Limited 2014). An audit objectively assesses one of 
the following procedures or circumstances (Project Auditors 2014): 
 An individual’s or organisation’s financial situation, 
 An organisation’s compliance with laws and regulations, 
 Operational efficiency, 
 Compliance with policies and procedures and 
 The quality and status of a project. 
 
Audits evaluate the effectiveness of utilised procedures as compared to best 
practices and also attempt to disseminate good practices into organisations 
(Statistics Finland 2007:22). Audits fall into three main categories namely; first, 
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second and third-party audits. First-party audits are internal audits used to evaluate 
and/or improve the effectiveness of an organisation’s management systems 
(Praxiom Research Group Limited 2014). The Institute of Internal Auditors (2013) 
also explains an internal audit as an activity of consulting and assurance conducted 
by the organisation on itself that is meant to enhance the operations of an 
organisation. These audits provide surety that the internal controls, risk management 
and governance processes of organisations are effective at achieving specified 
objectives (Accounting-Simplified 2013). This assurance is accomplished by creating 
a systematic, methodological and disciplined approach to evaluating and improving 
these processes (The Institute of Internal Auditors 2013). Second-party audits are 
external in nature and are conducted by customers or the representatives of 
customers (Praxiom Research Group Limited 2014). These audits are similar to 
internal audits with regards to them also being an organisational quality program. 
The distinct difference is that the audit is conducted by another party apart from the 
organisation (Quality America Incorporated 2014). Third-party audits are also 
external audits but are conducted by certified, independent organisations such as 
other regulators, independent auditing teams and registrars (Praxiom Research 
Group Limited 2014). During these audits independent auditors asses an 
organisation’s financial situation or adherence to certain standards and laws and 
give a certificate of conformance upon completion of the audit (Quality America 
Incorporated 2014). 
 
In terms of the general definition of an audit and of an internal audit the author of this 
study expresses the second part of the definition of a statistical audit in the following 
manner: A process that provides assurances regarding the quality and status of a 
project and that governance processes are effective at achieving objectives using 
statistical analysis (Project Auditors 2014; Accounting-Simplified 2013). From this 
two-part definition it is clear that quality plays a primary role in statistical audit 
systems. Statistics Finland (2007:22) explains that the process of statistical auditing 
is based on the methodological description of procedures. These audits are 
necessary to assess if plans correspond with activities and if they are implemented 
correctly. The following section discusses quality aspects and processes involved in 
statistical audit systems. 
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3.2.1 QUALITY MANAGEMENT 
 
As highlighted in the preceding discussion quality forms a primary concern when 
producing official statistics (Sastry 2011:3). Statistics Finland (2007:22) adds that 
auditing is a notion based on quality management. Brackstone (1999:3) defines 
quality in statistics as the facets of statistical outputs that show their suitability for use 
by clients. According to Sastry (2011:3-4), there are numerous countries that have 
developed comprehensive quality concepts and procedures that are used in the 
quality control process of reporting official statistics.  
 
Brackstone (1999:3) raises the following points regarding quality and statistical 
production in organisations. Quality has taken a broader definition in the 
management of organisations and that total quality management focuses on the 
robustness of final products. Statistical analysis methods provide a critical part in 
these management approaches of organisations. However, these methods form part 
of a larger portrayal of quality in organisations. Thus, Brackstone (1999:3) poses the 
question of how does quality in this broader sense apply to an organisation that is 
involved in the production and reporting of statistical information. 
 
In order to assess quality control aspects in reporting official statistics it is necessary 
to integrate quality into the statistical production process. Figure 3.1 represents the 
overall production process of official statistics and how this process relates to 
producing quality outputs. The first step involves identifying the areas in which 
research and hence data is needed. The next steps involves the preparation of 
research and objectives otherwise known as survey design, followed by the 
collection and analysis of data. Reporting statistical information received from 
statistical analysis is the penultimate step and the review and optimising of these 
statistics forms the final step. 
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FIGURE 3.1: Basic Processes of Statistics Production 
 
(Source: Statistics Finland 2007:23; Official Statistics 2005:7) 
 
The following sections involve a detailed explanation of the statistical production 
process and how these steps are able to meet defined quality standards. 
 
3.2.1.1 Identify Data Demand 
 
The identification of data demand involves deciding on which statistics should be 
developed and whether or not surveys are necessary in order to fill this demand 
(Official Statistics 2005:8). Statistics Finland (2007:23) identifies the first process in 
statistics production as the decision to undertake a survey. This process also 
involves identifying the most important users of the statistics to be produced, what 
their needs are and at which point in time the users were consulted regarding these 
needs. These needs are specified in terms of the following (United Nations Statistics 
Division 2007): 
 The amount of detail of variables; 
 The periodic intervals at which the statistical outputs are to be produced; 
 The level of aggregation involved in compiling these outputs; 
 The comparability of the statistics; 
 What aspects the statistical outputs cover; 
 The timeliness of outputs; and 
 The accuracy of statistical outputs produced. 
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Walczak (2004:224) explains that the emphasis placed on the user’s needs is 
important in terms of managing the quality of statistics to be produced. In this phase 
of the statistics production process the value added in terms of user needs is 
identified and suggestions regarding what may be done are put forward (United 
Nations Statistics Division 2007). It must however be mentioned that the decision 
regarding what statistics needs to be produced is mainly taken by legislators. It is up 
to government departments, regulators and other agencies to inform and advise law-
makers about new demands for data (Official Statistics 2005:8). 
 
3.2.1.2 Survey Design 
 
The second process of statistics production involves the preparation of a survey to 
meet the demands set in the first process (identify data demand). The survey goals 
are thus defined in terms of this first process (Official Statistics 2005:8). This 
includes documentation regarding the manner in which the survey is designed 
(United Nations Statistics Division 2007). Survey design also includes developing 
underlying definitions, and the classification of characteristics. To ensure quality, 
these definitions and characteristics are developed in such a way that the resulting 
statistics are coherent and comparable to other statistics of different designs 
(Statistics Finland 2007:23). 
 
There are different types of surveys available to choose from. Figure 3.2 illustrates 
the types of available surveys in official statistics and how they are classified. The 
types of surveys are differentiated in terms of the sampling procedure of each survey 
(Official Statistics 2005:9). Complete enumeration entails that information is gathered 
from the entire population. Sample surveys involve gathering information from a 
representative sample. There are two general types of sample surveys; surveys that 
utilise random sampling and those that use non-random sampling techniques 
(Official Statistics 2005:9). Sample surveys must be large enough that the results 
obtained by the survey are not distorted by any members that are extremely high or 
low (Collis & Hussey 2003:156).  
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FIGURE 3.2: Types of Surveys in Official Statistics 
 
(Source: Official Statistics 2005:9) 
 
As the instrument of measurement the design of a questionnaire is also important in 
this process. Hair, Babin, Money and Samoel (2003:184) define a questionnaire as a 
set of questions or measures in which respondents document their replies. 
 
3.2.1.3 Data Collection 
 
This process is when the actual survey takes place. Data collection involves 
receiving information from respondents through interviews and the completion of 
questionnaires (Official Statistics 2005:12). The decision to choose a certain data 
collection method has an effect on the entire survey. This includes the design of the 
survey, selecting a sample, non-response rate and affects the costs involved in data 
collection thus also having a major effect on quality and the timeliness of the survey 
(Statistics Finland 2007:67). 
 
3.2.1.4 Data Analysis 
 
Data analysis is the process of discovering relationships and descriptions that aid 
users in decision-making. This process involves the transformation of data into 
usable information or knowledge (Hair et al. 2003:252). Data analysis can either be 
descriptive or analytical in nature. Descriptive analysis normally places emphasis in 
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totals, averages and proportions of populations. Analytical studies, on the other 
hand, emphasise the investigation of relationships between variables (Statistics 
Finland 2007:90). Quality aspects to be considered in this process involve the 
correct analysis and estimation of variables in order to provide prompt results that 
are comprehensively broken down and structured to be as clear as possible (Official 
Statistics 2005:15). 
 
3.2.1.5 Documentation and Dissemination 
 
The final step of a statistical survey involves presentation, publication and 
dissemination of results (Statistics Finland 2007:94). The presentation of results is 
extremely important as it clearly communicates information through graphic means 
(Forbes, Camdena, Pihama, Bucknalla & Pfannkuchb 2011:12). Statistics Finland 
(2007:94) also states that presentation is important as it controls how the outcomes 
of data analysis can be used to full effect by society. 
 
3.2.1.6 Optimising Statistics 
 
This process involves the constant re-evaluation of data and adjustment of survey 
goals, characteristics and methods in line with the ever changing needs of users. 
This process helps to ensure that quality standards are met consistently as society 
and the world changes. 
 
The successful development of an official statistics system involves integrating 
quality standards into an organisational framework that defines the preparation, 
application and development of a statistical programme and product outputs (Official 
Statistics 2005:21).  
 
3.3 MATHEMATICA: A TOOL FOR STATISTICAL AUDITS 
 
As mentioned in the previous section of this study Eltinge et al. (2013:125) state that 
in any organisation it is important to have a statistical architecture that is used for 
coordinating processes, channelling how information flows and production 
processes, and developing information for decision-making. This is also true for 
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government regulatory offices in the production of an automated system of statistical 
analysis used in audit processes. This study offers Mathematica as a potential 
software candidate in the creation of one such statistical architecture. The following 
text provides an introduction to Mathematica and explains the features that make this 
program suitable for creating one such automated audit system. 
 
Mathematica has been driven and developed by Stephan Wolfram in 1988 to being 
the world’s most well-known symbolic computation package (Wegman & Solka 
2005:11). According to Skiskowski and Frinkle (2011:1), Mathematica is defined as a 
mathematical software package that is used for text editing, mathematical 
computation, programming and the designing of 2D and 3D graphics. Also, over the 
years Mathematica has developed applications in various fields such as advanced 
numerical algorithms and sophisticated graphical user interface (GUI) to facilitate the 
interaction of users with computer engines. In addition to the aforementioned, 
Hassani (2003:1) defines Mathematica as a high-level computer language that 
performs symbolic, numerical and graphical manipulation of mathematical 
expressions. The programme is currently used all over the world, by universities and 
colleges in a wide variety of educational fields such as; mathematical sciences, 
physical science, business and finance, life sciences, engineering and computer 
science (University of Rhode Island n.d.).  
 
Studies conducted by Ruskeepää (2009:5) and Hassani (2003:1) state that 
Mathematica is divided into three main parts; the kernel, packages and the front end. 
These authors further state that the kernel is the engine-room of Mathematica, where 
all the computations take place. However, it is important to note that users are 
unable to see these calculations as this process occurs in the background. The code 
written for computing the Mathematica kernel is one of the largest mathematical 
systems ever written. This allows for the greatest ease and versatility when 
performing the required tasks (Ruskeepää 2009:5). Packages are mini programs that 
are written using programming and are used for more specialised functions to 
supplement the kernel (Szabo 2009:7). These packages execute commands and 
calculations that are not commonly used in the basic system. One can download a 
package from the Wolfram library, or alternatively a user can write his or her own 
program. The front end on the other hand, is the user interface that allows for 
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interaction between the user for typing in their commands, and Mathematica and 
other programs (Hassani 2003:1). Ruskeepää (2009:5) further explains that there 
are two forms of front end; a text-based front end and a notebook. 
 
The text-based front end allows the user very limited editing and the results in the 
form of pictures are displayed in a separate window all together (Ruskeepää 
2009:5). For the purpose of this study, the researcher will focus on the notebook and 
will therefore describe it in more detail. The notebook is commonly used to for typing 
in command inputs and their outputs and these can be in the form of graphs, tables 
or lists and functions (Skiskowski & Frinkle 2011:1; Ruskeepää 2009:5). These 
inputs and outputs can vary to be just about anything from, text to lists, tables, 
graphics and functions (Shiskowski & Frinkle 2011:1). Mathematica files are 
generally known as notebooks. In addition to the aforementioned, Wegman and 
Solka (2005:12) add that Mathematica functions as a notebook document system. 
The text-based front end also allows the user to enter their commands and get the 
results. In a notebook interface however, the user creates an interactive document 
known as a notebook. The notebook includes many menus and graphical tools that 
are of use during the creation and reading of notebook documents. It also enables 
the user to send and receive materials from the Mathematica kernel using MathLink, 
a system that controls communication between parts of Mathematica and also 
communication with other programs (Ruskeepää 2009:5). A notebook allows for a 
user to place text input commands and receive the associated output (Skiskowski & 
Frinkle 2011:1). Furthermore, everything that is typed in a notebook is treated as an 
expression (Wolfram Research Incorporated 2008a:57).   
 
Mathematica comes with incentives of being able to provide the widest range of 
usage in statistics; it has the ability for users to write their own expressions, 
algorithms and models. Mathematica is designed to be general and simple in its 
nature, therefore meaning that the program is not in any way limited to a set of 
special or well-known distributions. Mathematica has the most built-in distributions 
available in the market and this is illustrated in figure 3.3, originally found in (Wolfram 
Research Incorporated 2012a).  
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FIGURE 3.3: Number of Built-in Distributions in Different Software Packages  
 
The figure above shows that Mathematica has the most number of built-in 
distributors as compared to other statistical software packages. Microsoft Excel on 
the other hand has the least number of built-in distributors (Wolfram Research 
Incorporated 2012a). 
 
Mathematica consists of a number of functions and most of these functions revolve 
around the manipulation of structured expressions. According to Wolfram Research 
Incorporated (2008a:57, 59-60), the definition of an expression in Mathematica forms 
the foundation of how everything works in the program. In Mathematica expressions 
are used in two distinct manners (Wolfram Research Incorporated 2008a:59-60). 
The first is when an expression is used to define some kind of operation to be 
conducted. These operations include solving for unknown variables, integration, 
plotting graphs and most other operations found within the different sciences. The 
second use of expressions is the maintenance of a structure such that it can be 
operated upon by other subsequent functions. All formulas, graphics, documents, 
data and programs can be expressed as symbolic expressions. It is this idea that 
embodies Mathematica’s symbolic architecture and serves as one of its greatest 
advantages.   
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This symbolic power enables Mathematica to fall into a class of programming 
software that possesses a very unique set of characteristics (Wolfram Research 
Incorporated 2008a). This allows users to keep track of symbolic computations and 
Mathematica commands leading to precise results. Brown and Harvey (2008:2) 
supplement this by stating that arbitrary precision utilises floating quantities where 
the number of decimal digits or precision is set by the user. Mathematica 
automatically remembers, records, and uses every number’s precision in each step 
of a calculation, unlike in rational arithmetic where the precision of numbers decay 
during calculations. Most importantly, the reader needs to recall that Mathematica is 
a fully integrated symbolic algebraic computation environment. Symbolic means that 
operations can take place numerically or symbolically (Rose & Smith 2001:1). 
According to Belsley (1997:4), fully integrated environment means that within this 
single environment users are able to do calculations, algebra, calculus and matrix 
manipulations. Users are also able to build models, program, enact rule based 
transformations and the graphing of numeric results. Rose and Smith (2001:1) assert 
that Mathematica provides an arbitrary-precision numerical engine giving the 
package variable precision and symbolic power. Other packages provide only finite-
precision numerics. Mathematica possesses a number of features that qualify it 
eligible to complete the purpose of this study; to create an automated statistical 
system for audits in government regulatory authorities. 
 
3.4 FEATURES OF MATHEMATICA 
 
Mathematica utilises its core principles of automation and unification to advance 
uses of the program across all spheres of the algorithmic world. Wolfram explains 
that automation is important in computing and Mathematica applies automation 
everywhere in its system. This allows for achieving high quality results without the 
need to be an expert in the field of computing or mathematics (Wolfram Research 
Incorporated 2014a). The latest version (version 10) of the program incorporates 
functions in new areas such as computational geometry, machine learning, device 
connectivity and geographic computation (Wolfram Research Incorporated 2014c). 
The following sections briefly investigate some of the features that make 
Mathematica useful for completing the objectives of this study, that is, developing an 
integrated tool of analysis necessary for a complete statistical study or audit. 
 36 
 
3.4.1 LINGUISTICS 
 
Mathematica has a sophisticated typesetting engine which makes it possible for 
users to use standard statistical notation, therefore making the transition from paper 
to computer a more natural, intuitive and an aesthetically pleasing experience. In 
addition Mathematica possesses a free-form linguistic approach. Mathematica 
utilises a combination of the Wolfram language and its algorithmic power to provide 
an easy way to use systems that provide predictive suggestions to lines of code in a 
natural language input form (Wolfram Research Incorporated 2014b). This means 
the user can enter a command in plain English and Mathematica will execute the 
command without the need to write difficult programming code allowing for a far 
easier method of completion of tasks (Wass 2011:1). 
 
3.4.2 INTERACTIVE HELP FUNCTION 
 
The Wolfram Documentation Center forms the help function for Mathematica 
software. This help function is one of the most detailed of its kind and has a search 
capability that allows the user to zero in on a particular problem in the 
documentation. Moreover, the help function gives the user examples of the input 
task they wish to execute. These examples may be altered by the user to illustrate 
what works and how to adjust a line of code to fit their specific purpose. The code 
from the help function window can then be copied, pasted and executed as part of 
the user’s own notebook (Wolfram Research Incorporated 2014e). 
 
3.4.3 FILE FORMATS 
 
Mathematica supports over 167 file formats with many sub-formats, variants and 
options (Wolfram Research Incorporated 2012b). Some examples of file formats that 
Mathematica supports are illustrated in the table 3.1. 
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TABLE 3.1: Subset of List of File Formats that Mathematica Supports 
File Format Description Category 
AVI Microsoft AVI format (.avi) Video file 
HTML HTML Internet Explorer format (.htm, 
.html) 
Web document 
JPEG JPEG Raster image format (.jpg, .jpeg) Image file 
LaTeX LaTeX format (.latex) Image file, typesetting system 
and programming language 
PDF Adobe Acrobat PDF format (.pdf) Publisher and reader 
TEX TEX document format (.tex) Typesetting system and 
programming language 
WAV Microsoft WAV audio file (.wav) Audio file 
XLS Microsoft Excel format (.xls) Spreadsheet data file 
ZIP Windows ZIP archive (.zip) Compressed and archive file 
(Source: Wolfram Research Incorporated 2012b)   
 
3.4.4 DATA IMPORT AND EXPORT 
 
Importing and exporting different data formats is one of the most useful 
characteristics that Mathematica has to offer. This feature is closely linked to the file 
formats feature stated in the previous section. Imports and exports are file formats 
that enable Mathematica to write Mathematica data and also read material into 
Mathematica (Ruskeepää 2009:100). Users are able to read existing data files into 
Mathematica, as well as write Mathematica graphics into files for the use of other 
programs. Furthermore, Mathematica can import graphics through this function 
(Wolfram Research Incorporated 2012c).  
 
3.4.5 DATA VISUALISATION 
 
Abell and Braselton (2009:52) express that Mathematica’s graphics capabilities are 
one of the software’s best features. A user may build a plot by writing a program or 
may use what Mathemetica refers to as graphics primitives. Primitives are 
components that are used to form a plot. There are two and three dimensional 
primitives. Each primitive has different styles associated to it. It is possible to 
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combine each two dimensional (2D) and three dimensional (3D) primitives and styles 
to create or alter plots that are unique in Mathematica or unique to any other graphic 
produced by other software (Wolfram Research Incorporated 2012a; Ruskeepää 
2009:115-116). Graphics are fully integrated into all input and output and 3D 
graphics have rotation, surface smoothing functions and texture mapping of 3D 
surfaces to name a few (Wolfram Research Incorporated 2012a). The latest versions 
of the program possess new algorithms that allow for real-time image acquisition and 
feature detection (Wolfram Research Incorporated 2012a). Mathematica also 
contains a graphics editor and drawing tools that allow for the creation, editing and 
rendering of graphics (Wolfram Research Incorporated 2012c; Wolfram Research 
Incorporated 2008b:118). This allows for a complete and interactive environment 
needed for image processing and analysis. 
 
Also, according to Oram (2011) Mathematica has a file format known as computable 
document format (CDF) which can be used for the insertion of mathematical 
formulas and charts into a single interactive document. CDF documents enables 
users the ability to edit and play with charts and formulas in Mathematica. Some of 
the features that CDF documents have are; elements can be transformed in 
interactive contents, its mathematical typesetting is dynamic, has integrated 
computational knowledge, re-targetable documents such as the making of reports, 
textbooks and presentations with one document and it is a all-in-one format (Wolfram 
Research Incorporated 2012d). It is also important to note that CDF documents can 
be very advantageous during the broadening of communication pipelines, for built-in 
computation, deployment flexibility and easy-to-author interactivities (Wolfram 
Research Incorporated 2012e). CDF users can access all of Wolfram tools on the 
Wolfram site or be licenced and install it in their own servers. 
 
3.4.6 WORD PROCESSING 
 
In addition to being a statistical software package, Mathematica has word 
processing, editing and creation features that allow a user to create reports, books, 
articles and so on. These word processing features include functions such as spell 
checking, font size and colour editing, text alignment and justification and a host of 
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other functions found in normal word processing software (Wolfram Research 
Incorporated 2014d). 
 
3.4.7 MATHEMATICA ONLINE 
 
Mathematica Online is a derivative of the Mathematica software that allows a user to 
read, create, edit or interact with any Mathematica notebook or CDF document with 
the use of a web browser (Wolfram Research Incorporated 2014f). No installation or 
configuration is necessary and users are able to share documents and resources in 
the cloud (Wolfram Research Incorporated 2014f). Viswanathan (2014) explains that 
using cloud computing is cost and time efficient, has nearly unlimited storage space, 
allows for easier backup and recovery of files, has automatic software integration 
and allows for quick deployment of the system. 
 
Following this the author will also introduce social housing in South Africa. This 
section forms the background of the case study that will be discussed in chapter 
four. The case study will use Mathematica to assist in the regulation of a certain 
aspect of the social housing sector; low cost housing. 
 
3.5 SOCIAL HOUSING IN SOUTH AFRICA 
 
During the birth of a democratic government in South Africa the newly formed 
constitution recognised housing as a basic human right for everyone (Miraftab 
2003:226). Landman and Napier (2009:1) also add that the constitution of South 
Africa supports the right to ‘adequate shelter’ for all its citizens within the means of 
available public funds. In South Africa, providing low cost housing is recognised as 
crucial in resolving the deficiencies found in housing for low income citizens. 
Housing, as Ajayi (2012:1) puts it, serves as protection against harsh and 
unfavourable climatic conditions. Ajayi (2012:10) further defines housing as a tool for 
political stability, economic, social and household well-being requiring various 
services, resources and systems that create a quality and sustainable living 
environment. 
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The inclusion of the right to shelter in the constitution resulted in government setting 
one of its main objectives as addressing former injustices through housing policies 
(Miraftab 2003:226). Furthermore, Goebel (2007:291) asserts that the provision of 
low cost housing in South Africa has been a major focus for government as a means 
of addressing historical inequalities based on race, rapid urbanization and the 
ineffective provision of municipal services. Also, in the modern era, the provision of 
housing to the poor urbanised public is of great importance (Gunter 2013:278). This 
point is highlighted by the fact that more than half the world’s population now lives in 
urban areas (Ajayi 2012:2).  The South African government endeavoured to put in 
place a variety of programmes and mechanisms to help low income households in 
securing tenure and services (Landman & Napier 2009:1). Social housing 
programmes are divided into three general types of housing provision namely; formal 
housing built by a contractor, housing offered by the People’s Housing Process and 
and housing offered to rent by institutions of government (Landman & Napier 
2009:1). 
  
Gunter (2013:278) explains that the South African Finance Ministry is focused on 
achieving and maintaining fiscal balance as a premise for achieving all other targets. 
An exorbitant investment of funds into housing subsidies may cause substantial debt 
accumulation for the state. The abovementioned author further states that providing 
low cost housing often possesses economic and policy issues.  
 
In addition to these issues, sustainability plays an important role in the construction 
and development of low cost housing. Sustainability is explained as the development 
of long term plans and strategies that highlight the risks and opportunities within the 
environment, society and economy of a business (Hellriegel, Slocum, Jackson, 
Louw, Staude, Amos, Klopper, Louw, Oosthuizen, Perks & Zindiye 2012:127). 
However, Yilmaz and Flouris (2010:162) assert that sustainability is a concept that is 
not well defined and warrants further conceptualising. According to Butters (2011:3), 
there are three distinct aspects that sustainability is comprised of, namely; 
environment, economy and society. In South Africa the aspects of economy and 
society are considered to be the most pressing aspects of sustainable housing 
development (Gunter 2013:278). As a result sustainable housing development needs 
to be an iterative process that continuously receives feedback from all stakeholders, 
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especially those of the inhabitants. This will in turn ensure an environment that is 
conducive to living for those who need it most. 
 
There are many challenges that governments and non-governmental organisations 
are faced with when they have to fulfil promises regarding policy on social welfare 
(Gunter 2013:278). One of which was the Reconstruction and Development 
Programme (RDP). The State made a promise that there would be one million RDP 
houses that would be built in the first five years of democracy (Gilbert 2004:19). The 
government became very active in providing homes for low income people and just 
about reached its target (Ajayi 2012:5; Gilbert 2004:19). By 2001 the number of 
houses that were built was approximately 1 155 300, housing more than 5.7 million 
people (Gilbert 2004:19), and an approximate 1.5 million homes were built by 2003 
(Ajayi 2012:5). In 2010 there had been an approximate figure of 2.8 million homes 
built since democracy (Ajayi 2012:5). South Africa’s rate of delivery was 
commendable for such a large project and Gilbert (2004:19) states that South Africa 
is the only country that has ever been able to complete that much in the initial five 
years of a programme. However, South Africa has an extensive backlog resulting 
from years of segregation (Goodlad 1996:1634). Ajayi (2012:5) adds that although 
the government’s plan was relatively successful there is still a backlog of 2.1 million 
houses that need to be built. 
 
Figure 3.4 illustrates that since the Census of 1996 to the Census results of 2011, 
there has been a relatively small decrease, of 2.6 percent, in the percentage of 
households living in informal settlements (Statistics South Africa 2012:57). 
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FIGURE 3.4: Percentage Distribution of Households by Type of Main Dwelling 
Censuses 1996, 2001, 2011 and CS 2007 
 
(Source: Statistics South Africa 2012:57) 
 
The slow decrease in this figure is due to a number of factors; however the main 
determinant according to Gilbert (2001:13) would be that of limited resources. 
MacKay (1999:388) adds that the competition of the national budget between 
housing, health, water, education and economic growth also represents great 
challenges in the delivery of housing to poor societies. This dilemma continues to 
pose some of the greatest challenges in providing housing to all inhabitants of South 
Africa.  
 
To address some of these challenges and to speed up housing delivery the 
Department of Human Settlements embarked on a medium-term housing 
development plan (Department of Human Settlements 2014). The aim of this plan is 
to; 
 Release 6250 hectares of publically owned land for the purpose of housing 
development, 
 Undertake a National Human Settlements Sector Capacity Audit, 
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 Provide 80 000 affordable social and rental housing units in well located and 
developed areas. 
 
This plan falls in line with government adopting a people-centred approach that 
allows for significant community involvement in housing processes (Miraftab 
2003:226). Based on the premise of collective ownership social housing of this 
nature allows for an institutional method in obtaining and managing housing for lower 
income households (Wicht 1999). 
 
3.6 SUMMARY 
 
In chapter three, statistical audit systems were defined as well as how they can be 
used as a tool for regulation. Specifically the researcher of this study described 
quality management and the basic statistics production process. Following this, 
Mathematica was introduced and some of the software’s features were described as 
useful in the creation of automated statistical audits. These features include 
explanations on the linguistics used for Mathematica, file formats, data import and 
export, and data visualisation amongst others. Lastly, social housing was defined 
and explained as well as how government attempts to cure social ills using social 
housing. 
 
Chapter four presents the research design and methodology adopted to achieve the 
objectives of this study. Specific attention will be given to describing the sample and 
sampling technique, the data collection method, and the statistical techniques 
employed to analyse the data. Following this the researcher will present a case 
study, which will investigate the regulation of low cost housing by the Social Housing 
Regulatory Authority (SHRA). 
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CHAPTER FOUR 
 
RESEARCH DESIGN AND METHODOLOGY 
 
4.1 INTRODUCTION 
 
The primary objective of this study was presented in chapter one, namely to develop 
a statistical methodology that is appropriate and scientifically correct using an 
automated statistical system for audits in government regulatory authorities. In this 
study, chapter three discusses social housing in South Africa. Huchzermeyer 
(2001:305) states that South Africa’s housing policy is premised upon the 
understanding that housing is a basic need and a constitutional right of citizens. 
However, South Africa is faced with a difficult situation at hand as there is an ever 
increasing bottleneck in the delivery of homes. According to Mackay (1999:390), one 
of the reasons for the delay is the administrative framework and policy details that 
are widely acceptable. In this study Mathematica software is utilised as a solution to 
minimise the time it takes for administrative processes to be formulated into policies 
and ensure that regulatory authorities produce methodologically correct statistics 
needed in their governance processes. 
 
The purpose of this chapter is to describe the research design and methodology 
adopted to achieve this primary objective. The chapter begins by explaining the 
purpose of statistical collection. Following this survey design is explained and what it 
entails and data input.  Thereafter, a detailed explanation of what data throughput is 
and the types of statistical analysis that exist will be provided. Also, data output and 
ethical considerations that need to be considered during statistical collection will be 
discussed. Finally, the author will also introduce a case study explaining how 
Mathematica can be used in the regulatory processes of the social housing sector. 
 
4.2 PURPOSE OF STATISTICAL (DATA) COLLECTION  
 
According to Collis and Hussey (2003:150) as well as Struwig and Stead (2001:80), 
statistical collection (also known as data collection) involves the process whereby a 
researcher makes use of numerous respondents responses to collect the necessary 
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information from subjects of particular research questions. The researcher can 
interpret statistical collection methods using either quantitative or qualitative methods 
(Collis & Hussey 2003:150). Moreover, Struwig and Stead (2001:40) further note 
that, researchers need to indicate the type, source, nature and form of the 
information that is to be collected. 
 
Firstly the type of data, this involves deciding as to whether the research data is 
going to be in the form of quantitative or qualitative data (Struwig & Stead 2001:40). 
The above mentioned authors also state that in some projects the researcher can 
make use of both methods in a complementary manner.  Secondly, it is important 
that the researcher decides on whether new information needs to be collected for a 
study or the researcher can use already existing information; this is known as 
identifying the appropriate sources of data for the project. Veal (2005:28) states that 
sources of data can either be primary or secondary data. Primary data is data 
collected using a variety of methods such as the distribution of questionnaires, the 
use of interviews, or through personal observation (Zikmund 2003:175). In addition, 
Veal (2005:29) notes that it is an important part of every research to research any 
existing information which is relative to the topic, as it can be less costly and time 
saving and data collection can thereby be avoided.  On the other hand, Hair et al. 
(2003:72) explains secondary data as data that has been previously collected by 
another individual for other research purposes, it can be collected quicker from 
newspapers, books and  journals (Zikmund 2003:63).  
 
There are numerous ways for researchers to obtain the necessary data and these 
include; surveys, interviews, observations, scales and project techniques. For the 
purpose of this study the researcher will only look into surveys as a method of 
obtaining statistical data. 
 
4.3 SURVEY DESIGN  
 
Babbie (2010:254) and Zikmund (2003:66) describe surveys as the oldest and most 
frequently used data collection techniques by researchers in the field of social 
sciences that describes a population too large to observe directly, to measure 
attitudes and observe orientations. According to Zikmund, Babin, Carr and Griffin 
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(2013:185) and Collis and Hussey (2003:66), a survey is a method of collecting 
primary data based on communications with a representative sample or individuals. 
Surveys are also well known for their ability to present researchers with a swift, cost-
effective, efficient and accurate means of evaluating information regarding a 
population (Zikmund 2003:66). Surveys provide descriptions of trends, attitudes and 
opinions of a population by studying a sample of that population group. The sample 
results enable the researcher to make inferences about the population as whole 
(Creswell 2009:145). 
 
As described in chapter one of this study, Collis and Hussey (2003:66) identify two 
major types of surveys namely; descriptive and analytical surveys. Descriptive 
surveys are more concerned about identifying and counting frequencies of a 
population at one point or various times for comparison. On the other hand, 
analytical surveys are more concerned with determining whether a relationship exists 
between different variables (Collis & Hussey 2003:66).  
 
A survey is described as a research method in which data is gathered from 
respondents by means of a questionnaire (Connaway & Powell 2010:107; Collis & 
Hussey 2003:66). Zikmund et al. (2013:217) and Babbie (2010:256) define 
questionnaires as a measuring instrument that respondents receive to read and 
respond to questions given to them, this information is then used for analysis 
purposes. Collis and Hussey (2003:173) describe a questionnaire as a list of 
carefully structured questions, chosen after considerable testing, with a view to 
eliciting reliable responses from a chosen sample. The abovementioned author’s 
further state that a self-administered questionnaire is another form of a measuring 
instrument common to the positivistic research (also known as quantitative research) 
paradigm (Collis & Hussey 2003:66). Zikmund (2003:111) describes quantitative 
research as being useful during the determining of quantity or explaining of a 
phenomenon in a numerical manner. During this stage numbers are set out in a 
meaningful and orderly way. In addition, Gitman and McDaniel (2009:302) state that 
questionnaires can be administered either in person, by telephone, by mail, at a mall, 
or through the Internet. Finally, Collis and Hussey (2003:173) add that 
questionnaires consist of a list of structured questions chosen because of the 
reliability of the responses from a chosen sample. A questionnaire can be made up 
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using various methods namely; open-ended questions and closed-ended questions, 
multiple-choice answers, using rating scales, classification questions and sensitivity 
questions. All these types of questions will be described below.  
 
According to Zikmund et al. (2010:338) and Gill & Johnson (2010:142), open-ended 
questions are those where the respondent is given questions that pose a problem, 
and closed-ended questions are those where the respondent is given specific limited 
responses from which to choose. Collis and Hussey (2003:179) also state that open-
ended questions allow for the respondent to give their opinions and personal 
responses to the questions given, while for closed-ended questions the respondent 
chooses from a number of predetermined answers that they are given. Multiple-
choice answers on the other hand, according to Collis and Hussey (2003:181) are 
closed questions given to the respondent with a list of answers to choose from. 
Numerous sources however, state that this method of forming questions may make it 
difficult to provide sufficient unambiguous categories for the respondents.  
 
Thirdly using rating scales, this involves providing the respondent with clear and 
discriminating responses in a form of a rating scale (Collis & Hussey 2003:184). 
These rating scales are numerical values given to an opinion, turning questions into 
statements and the respondents indicates their level of agreement with the 
statements. According to Collis and Hussey (2003:184), the most commonly used 
type of scale is the Likert scale. Likert scale can either be in the form of a 5-point 
Likert-type interval scale. The scale is interpreted as 1 representing strongly 
disagree and 5 representing strongly agree. Also, 7-Point Likert-type interval scales 
where 1 represents strongly disagree and 7 represents strongly agree with each 
statement. These scales are identified as ordinal scales. Gill and Johnson 
(2010:142) defines an ordinal scale as a scale that contains two of more different 
categories that have been set in a certain order on different points on a scale 
indicating quantity.  In addition, Cooper and Schindler (2008:309) states that 9-point 
Likert type interval scales can also be used and this type of a scale is a better 
approximation for a normal response curve.  
 
Cooper and Schindler (2008:312) and Thomas (1999:31) identify another form of a 
scale as the semantic differential (SD) scale. These authors explain that the SD 
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scale is used to measure the meaning of an individual’s attitude using adjectives. 
Moreover, Thomas (1999:31) states that the scale identifies between eight to sixteen 
adjectives that are used to identify a respondent’s feeling or opinion on a particular 
factor using a number of point scales. The constant-sum scale is another type of a 
scale and is known for its ability to assist researchers to discover proportions by 
apportioning points to various attributes that equal to a constant sum (usually 10 or 
100) (Cooper & Schindler 2008:316-317). The scale produces interval data and is 
commonly used to measure the respondents’ attitudes, behaviour, and behavioural 
intent. Another form of scale is the nominal scale, this type of scale measures a 
variable in terms of two or more qualitative categories and is known for not having 
any arithmetical values (Gill & Johnson 2010:142). Examples of different categories 
that can be measured using nominal scales are when looking at the categories 
males and females.  
 
Classification questions are questions that allow the researcher to find out more 
about the respondent to describe the sample (Collis & Hussey 2003:185). Lastly, 
sensitive questions, with these the researcher should be careful not to threaten or 
embarrass the respondent. 
 
The task of developing a questionnaire, determining the list of questions, and 
designing the exact format of the printed questionnaire is an essential aspect of the 
development of a survey research design (Zikmund 1994:43). When drawing up the 
questionnaire it is important to include a cover letter that provides details concerning 
the purpose of the project and the type of information being solicited in the 
questionnaire. In addition, assurances of confidentiality, as well as instructions on 
how to respond to the statements and how to return the completed questionnaire, 
should be provided in the cover letter (Collis & Hussey 2003:174). It is also important 
for the researcher to present the questions in a logical order and avoid questions of a 
sensitive nature or add them at the end (Collis & Hussey 2003:175).  
 
According to Collis and Hussey (2003:161), there are numerous measuring scales 
and in this study the researcher will only discuss nominal scales, ordinal scales, 
interval scales and ratio scales. A nominal scale is a number of categories that are 
named differently (example male or female) and does not have arithmetical value. 
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Also, an ordinal scale is defined as a set of categories that are organised that can be 
measured differently at different points on a scale (Gravetter & Wallnau 2011:19; Gill 
& Johnson 2010:142). Collis and Hussey (2003:161) further state that interval scales 
have both the characteristics of nominal and ordinal scales including information on 
the level of difference between individual data items.  Adopting an interval scale for 
the measuring instrument enables the required inferential statistical data analysis to 
be undertaken (Cooper & Schindler 2003:227-228; Leedy & Ormrod 2005:26-27) as 
interval measurement scales allow for the use of more advanced statistical 
procedures such as product moment correlation, t-tests, F-tests and other parametric 
tests (Blumberg, Cooper & Schindler 2005:376). Ratio scales allow the respondent 
to state mathematical numbers fixed at a zero point (Collis & Hussey 2003:162). The 
respondent would have to state the highest level of precision of an item (examples 
could be weight, brightness and time).   
 
To ensure the validity of a questionnaire, preliminary tests or a pilot test can be 
conducted. Preliminary tests or pilot tests are trial runs with a group of actual 
respondents; these are done by detecting any problems that may exist in the 
questionnaire’s instructions or design (Cooper & Schindler 2007:76). Preliminary 
testing also involve the screening of the questionnaire by other research 
professionals (Zikmund 1994:216) such as colleagues, friends and respondent 
surrogates, in order to provide feedback to ensure a better measuring instrument 
(Cooper & Schindler 2007:76; Babbie & Mouton 2001:244). Nunnally (1978) exerts 
the use of expert’s as an acceptable method for ensuring content validity. The 
following section will discuss various types of statistical analysis. 
 
In summary, to achieve the objectives of this study a quantitative research paradigm 
and design was adopted; more specifically, of a descriptive nature. The researcher 
will make use of a questionnaire that has been self-administered by SHRA. The 
questions will be closed-ended and the questionnaire uses a 5-Point Likert-type 
scale. The validity of the measuring instrument was tested by conducting a pilot test.  
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4.4 DATA INPUT 
 
Data input includes the editing, coding and entering of data before analysing the data 
collected. Hardy and Bryman (2009:40) defines data analysis as the reduction of 
data to simple elements, which entails reducing the amount of data collected to 
insure that the necessary statements pertaining to the data are made. In addition, 
Zikmund et al. (2010:7) explains that data analysis is used to apply reasoning to the 
data collected in order to ensure the understanding of the data. Upon receiving the 
completed data, the data is examined for any mistakes and missing data and then 
raw data is edited if necessary (Cooper & Schindler 2008:415). The abovementioned 
authors further explain that editing allows for data that is accurate, consistent with 
the intended questions, uniformly entered, completed and to simplify coding and 
tabulation.  
   
Before any data can be entered into the spreadsheet it needs to be coded (Greener 
2008:57). Creswell (2009:186) explains that data analysis begins with a coding 
process and this is described as the organising of information in such a manner the 
information brings meaning to the researcher. Coding by computer is the key step in 
preparing data as it allows the researcher to transform nominal and ordinal variables 
into unique numbers, these are known as “dummy variables” (Hardy & Bryman 
2009:19-20) and are located in a data file known as a codebook (Babbie 2013:417). 
Tashakkori and Teddlie (2010:443) also explain that coding of information is involved 
with qualitative sources that are converted into a numerical form using a variety of 
codes. Babbie (2013:417) further explains that a codebook has two main functions; 
being used as the primary guide during the coding process and to locate variables as 
well as interpret codes during the analysis. In addition, during the construction of a 
codebook each variable is identified and is given an abbreviation or a number 
(Babbie 2013:417). Cooper and Schindler (2008:416) add that if the researcher is 
using statistical programmes in which the data can be inserted directly, one can 
make use of alphanumerical codes. Four rules have been identified for pre- and 
post-coding of a data set and these include that the categories within a single 
variable should be; appropriate to research purpose and problem, exhaustive, 
mutual exclusive and derived from a single dimension (Cooper & Schindler 
2008:420-421).   
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However, it is important to note that some of the raw data may have missing data. 
According to Cooper and Schindler (2008:427), missing data is any information that 
is not available from a questionnaire completed by the participant or respondent for 
one or more variables. This could be caused by accidentally missing the question, 
refusing to answer the question, not knowing the answer to the item or due to errors 
done by the researcher. According to Hardy and Bryman (2009:116), various 
methods can be used to handle missing data and these are known as ad hoc, 
likelihood-based and simulation-based.  The ad hoc methods have been noted as 
the easiest methods to use by several authors (Hardy & Bryman 2009:116; Cooper & 
Schindler 2008:428) and are made up of three methods; complete-case analysis 
method, available-case analysis method and the mean imputation method (Hardy & 
Bryman 2009:116). According to Hair et al. (2003:230), the mean imputation method 
is done by substituting the missing values for a variable that is the mean. 
Furthermore, Kunapuli (2008:91) adds that this approach is commonly used for 
asserting missing values because of its simplicity. Hair, Black, Babin, Anderson and 
Tatham (2006:61) explain that this approach is however only usable for metrically 
measured variables that are also relatively low. 
 
The likelihood-based methods is made up of the maximum likelihood and the EM 
algorithm, estimating standard errors, likelihood-based analysis of MNAR data and 
other approaches to likelihood estimation (Hardy & Bryman 2009:117-122). Further 
these authors also explain that simulation-based methods are made up of multiple 
imputation and bootstrap methods. 
 
Following this, the entering of data is done. According to Greener (2008:57), this 
process involves setting out the data in a matrix and this can be done in a Microsoft 
Excel spreadsheet or any other spreadsheet. However, when using the SSPS and 
MATHEMATICA programmes data can be directly inserted in the statistical 
packages. Once the raw data has been properly cleaned the data is than statistically 
analysed using statistical programmes such as STATISTICA, MATHEMATICA, 
SSPS, SAS and R. The data is than described statistically and this is explained 
further in the section of data analysis.  
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For the purpose of this study, Mathematica will be used to create a template for the 
codebook and the output (template) is deployed as a Microsoft Excel file. Moreover, 
the data capturing will be completed on this Microsoft Excel spreadsheet.  
 
4.5 DATA THROUGHPUT AND ANALYSIS 
 
For the proposed study, a quantitative research methodology will be conducted. 
According to Zikmund (2003:111), quantitative research is used to explain a 
phenomenon in a numerical manner and can be useful in determining the quantity of 
a variable. The population in regards to this study will comprise of the tenants of the 
low cost housing projects or Social Housing Estates (SHE’s) in South Africa. 
 
In order for data collected through surveys to have meaning, it needs to be analysed. 
Babbie (2010:254) and Zikmund (2003:66) describe surveys as the oldest and most 
frequently used by researchers in the field of social sciences for descriptive statistics, 
explanatory and inferential statistics. Descriptive analysis is further divided into 
univariate and bivariate descriptive analysis (Blaikie 2003:29). It is important to note 
that a third method of descriptive analysis exists; multivariate analysis and it is the 
analysis of variables that are more than two (Collis & Hussey 2003:197). However, 
for the purpose of this study the researcher will only discuss univariate and bivariate 
analysis. 
 
4.5.1 DESCRIPTIVE STATISTICS  
 
Descriptive statistics according to Collis and Hussey (2003:198) is also known as 
exploratory data analysis. Descriptive statistics present the researcher with statistical 
summary describing data (Collis & Hussey 2003:198; Struwig & Stead 2001:158). As 
mentioned above, descriptive analysis consists of univariate and bivariate descriptive 
analysis. Table 4.1 is a summary of some of the types of analysis by data types. 
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TABLE 4.1: Type of Analysis by Data Type 
 Exploratory Data Analysis Confirmatory Data 
Analysis 
Univariate Data Presenting Frequencies 
 Tables 
 Graphical 
forms 
Estimating from Sample 
 Confidence 
intervals (P) 
Measuring Location 
 Mean 
 Mode 
 Median 
Forecasting 
 Time series 
analysis 
Measuring Dispersion 
 Range and 
interquartile range 
 Standard 
deviation 
 Variance 
 Skewness 
and Kurtosis 
Measuring Change 
 Index 
numbers 
Bivariate Data Presenting Frequencies 
 Cross 
tabulations 
 Graphical 
forms 
 Scatter 
diagrams 
 Stem plots 
Measuring Association 
 Pearson’s 
coefficient (r) (P) 
 Spearman’s 
rank coefficient (rs) 
(NP) 
Measuring Differences 
 Chi squared 
(  ) test (NP) 
 Student t-test 
(P) 
(Source: Collis & Hussey 2003:197; Hair et al. 2003:231-245) 
 
From the table above it is clear that two types of data exist; univariate and bivariate 
data. Univariate data can be analysed using the exploratory data analysis as well as 
confirmatory data analysis. Exploratory data analysis involves the presenting of 
frequencies in a table or graphical form, measuring location and dispersion, and 
measuring change. However, confirmatory data analysis is concerned with 
estimating the confidence intervals and forecasting. With bivariate data being 
analysed using exploratory data analysis, the researcher is mainly concerned with 
presenting frequencies in the form of tables, graphical, scatter diagrams and stem 
plots. On the other hand, confirmatory data analysis measures the association 
between variables using Pearson’s coefficient or Spearman’s rank coefficient and it 
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also measures the difference between variables by making use of the t-test and chi 
squared test. These are explained in more detail in the following paragraphs. 
 
According to Blaikie (2003:29), univariate descriptive analysis is employed to signify 
the characteristics of some phenomenon considering the distribution of variables. 
Univariate descriptive analysis includes analysing data using the following four 
techniques which will be discussed further (Collis & Hussey 2003:198): 
 Presenting frequencies, 
 Measure of central tendency, 
 Measure off dispersion, and 
 Measuring change. 
 
Blaikie (2003:48) further explains that univariate descriptive analysis is concerned 
with examining one variable and bivariate descriptive analysis examines the 
associations of two variables. The frequency distributions of univariate descriptive 
analysis are used to summarise large setsof data and establish the frequencies of 
reoccurring data (Blaikie 2003:52). This data can be collected by making use of 
nominal or ordinal categories, discrete and grouped data. Presenting frequencies 
involves examining the frequency distribution of each variable through establishing 
the total number of observations for a variable (Collis & Hussey 2003:199). These 
frequencies can be made known by presenting the results in the form of tables, 
charts, graphs and other diagrammatic forms. The measure of central tendencies 
and the measure of dispersion is a way to describe large frequencies distributions by 
means of a single value (Collis & Hussey 2003:212). The measures of central 
tendency include the mode, mean and the median; also the measures of dispersion 
include the range, standard deviation, variance and the Skewness and Kurtosis (Hair 
et al. 2003:242; Struwig & Stead 2001:158).  The most frequently occurring scores 
are referred to as the mode, the median is on the other hand is the mid-value in a 
frequency distribution when values have been arranged in order and lastly, the mean 
is referred to as the arithmetical average score of a frequency distribution (Coldwell 
& Herbst 2004:103-104; Collis & Hussey 2003:212-215; Struwig & Stead 2001:158).   
When looking at the measures of dispersion, a range is described as the difference 
between the highest and the lowest scores presented by a distribution (Lee & Lings 
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2008:334; Struwig & Stead 2001:158). Also, Collis and Hussey (2003:218) add that 
interquartile range measures can be done, and these are identified as the measuring 
the spread of the middle 50% of observations and the difference between the upper 
and the lower quartile.  
 
Additionally, Lee and Lings (2008:296) note that variance describes the degree to 
which individual observations vary from each other, and define standard deviation as 
the square root of the variance. In essence, variance and standard deviation indicate 
the degree to which the data set differs from its mean. According to Hair et al. 
(2003:243-244) as well as Struwig and Stead (2001:159), skewness and kurtosis is 
concerned with the shape of a distribution. Skewness measures the amount of 
deviation from a symmetrical distribution and kurtosis measures the flatness or peak 
of a distribution. Hair et al. (2003:244) states that a kurtosis is described as flat curve 
when it is below -3 and is a peak curve when it exceeds +3. In addition, when the tail 
of the curve is situated towards the left it is known as being negatively skewed, while 
when the tail stretches to the right it is positively skewed (Hair et al. 2003:244). 
Finally, the measuring of change is presented by an index number and indicates the 
percentage change in a variable (Collis & Hussey 2003:223). 
 
On the other hand, bivariate descriptive analysis is described as establishing the 
similarities and differences between characteristic or identifying whether any 
connections exist between the characteristics (Blaikie 2003:29).  This entails the 
measuring of relationships between different variables and also establishing the 
strength of the relationships. Blaikie (2003:89) further explains that measuring the 
association between two variables can be described in several ways. These ways 
include; if values of one variable change simultaneously with the values of another 
variable and if respondents feel the same way about two different variables (Blaikie 
2003:89-90). It is also important to note that the relationship between two variables 
can be expressed as a positive or negative, linear or curvilinear as well as 
symmetrical and asymmetrical association. The measures of association can be 
identified as either nominal-level and ordinal-level variables (Blaikie 2003:90) and 
they require measures such as contingency coefficient, phi and Cramér’s V for the 
nominal-level and gamma for the ordinal-level. Blaikie (2003:91) adds that there also 
exist interval-level data and ratio-level data which measure the association of 
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variables using different measures such as gamma, covariance and Pearson’s 
correlation coefficient.  
 
Bivariate analysis can be illustrated by presenting frequencies found in the data in 
the form of cross tabulations, graphical forms, scatter diagrams and stem plots 
(Collis & Hussey 2003:197). The aforementioned authors explain that cross 
tabulations is commonly used for analysing nominal data, to represent the results of 
the data analysed in table form and should be placed according to frequencies . 
Charts and graphs are known for their ability to present and summarise data while 
ensuring the information is conveyed accordingly (Collis & Hussey 2003:202). In 
addition, these graphical forms display and communicate the ideas of the researcher 
by accompanying them with an explanation. Furthermore, Collis and Hussey 
(2003:203-206) states that charts and graphs can be in the form of bar charts, pie 
charts, line graphs and histograms. Scatter diagrams illustrate the relationship 
between two variables by displaying a pattern of points that indicates the strength 
and directions of correlation (Collis & Hussey 2003:207). In addition, Blaikie 
(2003:106) adds that scatter diagrams involves the plotting of various point of 
intersection looking at two variables. Also, the aforementioned author states that 
scatter diagrams can be simplified into a straight or curved line that represents solely 
the shape of association. Lastly, stem plots are used to display the actual values of 
data in a usable and compact form and also showing any outliers that exist (Collis & 
Hussey 2003:209). 
 
4.5.2 EXPLANATORY STATISTICS  
 
According to Blaikie (2003:30), explanatory analysis involves establishing the cause 
of certain patterns that occur in data and the notion of causation. In the study 
conducted by de Vaus (2001:2), explanatory statistics mainly focuses on asking the 
why questions when conducting research instead of developing explanations. 
Further the abovementioned author states that by answering the why questions the 
causal explanations are developed.  
 
Causation consists of two views namely; the secessionist view of causation and the 
generation view of causation. However, Blaike (2003:116-117) contends that 
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quantitative data cannot test the explanation considering the generation view, 
therefore only the secessionist view is discussed further below. The secessionist 
view involves finding well-tested theory and arguing that theories explanation (Blaikie 
2003:31). Moreover, de Vaus (2001:2) states that the causal explanation mainly 
argues one phenomenon (Y=income level) may be affected by another phenomenon 
(X=gender).   
  
Lastly, it is important for researchers not to confuse causation with correlation as it 
may cause confusion between predictions and causation as well as predictions with 
explanations (de Vaus 2001:3). Also, according to this author it is important to note 
that correlations can be observed and cause cannot be observed but inferred.  
 
4.5.3 INFERENTIAL STATISTICS  
 
According to Zikmund (2003:402) as well as Struwig and Stead (2001:159), 
inferential statistics is statistics that is “used to make an inference about a population 
from a sample”. Blaikie (2003:32) adds that inferential statistics estimates a pattern 
found in a sample from a population. Moreover, inferential statistics focuses on the 
generalisation of a sample to its population, but it is also used to test hypotheses 
about relationships or variations in a population using the data obtained from the 
sample (Coldwell & Herbst 2004:110; Blaikie 2003:32). Two types of inferential 
statistics can be used when conducting research and these are identified as 
parametric statistics and non-parametric statistics.  
 
Firstly, parametric statistics involves making certain assumptions and the tests 
conducted are divided into four major groups namely; measuring relationships 
between variables, measuring the difference between groups randomly assigned, 
providing comparisons between dependent groups and predicting group membership 
(Struwig & Stead 2001:160). These authors further state that when measuring the 
relationship between variables the following tests can be conducted depending on 
the number of dependent variables: 
 Pearson’s product correlation (Pearson r); 
 Single regression and multiple regression; and  
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 Canonical correlation.  
 
Pearson’s product correlation is used to determine the strength and direction of the 
relationship between two variables with the correlation coefficients varying from -1 
(perfect negative relationship) to +1 (perfect positive relationship) and with 0 
representing no relationship. Hardy & Bryman (2009:166) define single regression 
analysis is a statistical method that is used to identify a relationship between one 
independent variable and a single dependent variable. Multiple regression on the 
other hand, examines the relationship (strength of association) between multiple 
independent variables and a single dependent variable. Multiple regression is 
measured by R2 and consists of various techniques such as standard multiple 
regression, hierarchical regression and stepwise regression. Finally, canonical 
correlation examines whether two sets of variables are able to relate to each other 
(Struwig & Stead 2001:160-161). 
 
The comparison between independent groups is done by conducting tests to 
establish whether a significant difference exist between independent groups and 
then conduct post hoc tests assuming a significant difference exists (Struwig & Stead 
2001:161). Statistical significance is defined as “the critical probability of choosing 
between the null and alternative hypotheses; the probability level that is too low to 
warrant support of the null hypothesis” (Zikmund 2003:500). In addition, Veal 
(2005:256) notes that a significant difference is more likely to have occurred by 
chance. Significance levels are expressed as p values, and 0.05 and 0.01 are the 
most commonly used p-values (Zikmund 2003:500).  
 
Also, the Analysis of variance (ANOVA) can be done to find and establish the 
difference between the mean of two or more populations at a time (Veal 2005:268). 
Zikmund (2000:529) defines an ANOVA as “an analysis of the effects of one 
treatment variable on an interval-scaled or ratio-scaled dependent variable” A one-
way ANOVA is used for assessing the differences between means with only one 
independent variable in assessing the differences between these means (Hair et al. 
2003:268).  Post hoc tests are done by conducting a t-tests or a z-test. According to 
Veal (2005:265) t-tests is the simplest form for analysing means as it compares two 
means, with the intention of determining whether they are statistically significant. 
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Also, Zikmund (2000:524) adds that a t-test is used when the standard deviation is 
unknown and for a small sample size. Struwig and Stead (2001:161) adds that the z-
test is done when the population standard deviation is known.  
 
The comparison between dependent groups is done by conducting the ANOVA and 
t-tests. Finally, to predict group membership the discriminate function analysis is 
conducted to identify the predictors (dependent variables) predicting a category of 
the dependent variables (Struwig & Stead 2001:164).  
 
Secondly, non-parametric statistics are done when parametric statistics cannot be 
met and involves getting observations that are independent from each other unless 
dependent samples are used (Struwig & Stead 2001:165). These authors also state 
that non-parametric statistics is divided into four major groups namely; measuring 
relationships between variables using correlational tests such as Spearman rho 
(both variables are on ordinal scale), Point biserial (one variable is continuous, other 
is dichotomous) and the Phi coefficient (both variables are on nominal scale). Also, 
the groups from two independent samples are compared by looking at the nominal 
and ordinal data. For the nominal data the Fisher Exact probability test and Chi 
square test are done to compare the expected frequencies with those actually 
observed (Struwig & Stead 2001:165).  On the other hand, a median test and Mann-
Whitney U-test are done to measure ordinal data.  
 
According to Struwig and Stead (2001:166-167), group comparisons for three or 
more independent samples involves conducting a Chi square test to measure the 
nominal data and Kruskal-Wallis one-way ANOVA for the ordinal data (Struwig & 
Stead 2001:166-167). Lastly, comparing for two dependent samples groups involves 
testing both the nominal and the ordinal data. For the nominal data as per Struwig 
and Stead (2001:167) the McNemar Change test is done to compare nominal scales 
of the same participants during different occasion and for ordinal data the Wilcoxon 
Signed Ranks test is used to compare two dependent groups with ranked scores. 
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4.6 DATA OUTPUT 
 
Data output is involved with presenting the statistical results in the form of a report 
using various statistical methods. Using statistical methods allows the reader to 
predict, describe and at times have control of the world; transform uncertainty into 
wisdom; make personal decisions; control societal risks; understand the world; 
getting to know how people think and behave and providing the public with useful 
information  (Heckard & Utts 2012:651-662). Also, statistical results ensures for 
basic information being provided to the public, suggests standard publication that are 
regular and lastly individual customers demand can be identified and therefore dealt 
with accordingly (Official statistics 2005:19).  
 
Cooper and Schindler (2008:592) as well as Collis and Hussey (2003:301-312) state 
that statistical data can be presented by making use of four ways and these include: 
text paragraph, semi-tabular form, tables and graphics. Text paragraph is the most 
common method of presenting data by pointing the reader to a specific point and 
making comparisons (Cooper & Schindler 2008:592). Collis and Hussey (2003:301) 
add that text paragraphs are able use words to express the numbers from a 
statistical analysis. Semi-tabular presentations are a few figures for comparing 
quantitative data (Cooper & Schindler 2008:603) and taken from the text and listed. 
Tabular presentation is data that has been presented to the reader in a form of a 
table by employing a framework of columns and rows (Collis & Hussey 2003:301). 
Also, Cooper and Schindler (2008:604) add that the data is summarised in tables 
and is concise and efficient numerical data.   Lastly, graphics do not provide much 
information and presented in the form of graphs and charts (Cooper & Schindler 
2008:604; Collis & Hussey 2003:305). These authors further state that charts can be 
presented in the form of area charts, pie charts and bar charts; on the other hand 
graphs can be presented as line graphs. In recent times researchers have also 
started making use of pictographs and geographic charts as well as 3-D graphics 
(Cooper & Schindler 2008:610-611). In this study, the author will make use of 
various methods used for presenting statistical data.  
 
In addition to the abovementioned, statistical data can also be represented through 
the following visuals: dynamic charts, mapping, bubble charts, analysis to the 
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people, generic versus tailor-made visualisations, Zoomable User Interfaces (ZUI), 
tree-maps and sparklines (ten Bosch & de Jonge 2008:104-107). 
 
4.7 ETHICAL CONSIDERATION 
 
Ethics is defined as morals, values or standards that an individual adapts to and 
therefore govern the conduct of that specific individual (Kakabadse, Kakabadse & 
Kouzmin 2002:108). Ethics in research are of high importance especially so during 
the collecting and analysis of any data. Several authors stress the importance of 
ethics during statistical analysis and list the following as some of the important rules 
to remember during this stage of research. According to Bless and Higson Smith 
(2000), voluntary participation, the right to privacy, freedom, anonymity and finally 
confidentiality are some of the important rules to remember and ensure the 
respondent or participant are satisfied with. Others include; the right to voluntary 
participation and informed consent (Rossi, Hallett, Rossini, Pascual-Leone, & The 
Safety of TMS Consensus Group 2012:34; Fouka & Mantzorou 2011:11). 
 
In this study human participation was necessary, therefore several ethical 
considerations were taken into account by SHRA in the preparation and 
administration of the measuring instrument, as well as the storing of the data 
collected. 
 
4.8 CASE STUDY: SOCIAL HOUSING REGULATORY AUTHORITY 
 
The Social Housing Regulatory Authority (SHRA), as the custodian of social housing 
in South Africa, was commissioned by the Human Settlements Department to 
undertake the development, upgrade and management of affordable social and 
rental units in developed areas. The mission of SHRA is thus to facilitate structural, 
economic, social and spatial imbalances in society by providing a wide array of 
housing options for the less fortunate, as per the vision of government and the 
Department of Human Settlements (Social Housing Regulatory Authority n.d.). 
Furthermore, the maintenance of these housing facilities and keeping them in 
accordance to national standards forms a crucial secondary objective for SHRA. 
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As part of the quality process involved in the management of rental units SHRA had 
a brief to develop a system of data collection, analysis, interpretation and reporting. 
This system would provide relevant information on Social Housing Estates (SHEs) 
that are managed daily by the Social Housing Institutions (SHIs). This information in 
turn will enable the Regulator (SHRA) to monitor the success and progress of all 
SHEs and SHIs. Spencer Lazarus Management Consultants (SL Man) was 
contracted, along with the Nelson Mandela Metropolitan University (NMMU) as a 
subcontractor, to develop such a system for regulatory use by SHRA. This system, 
according to the definition laid out in the previous section of this study, is a statistical 
audit system as it evaluates the quality and status of a project and allowing for 
effective governance through statistical analysis (Project Auditors 2014; Accounting-
Simplified 2013; United Nations Statistics Division 2007). This specific audit system 
was denoted as a Tenant Audit System (TAS) so as to highlight the purpose of the 
audit. The outcomes of this project were: 
1. The development of a regulatory framework, based on research, which 
formed the basis of a regulatory system, containing a set of main and 
subsidiary indicators that can be used for collecting data, preparing 
questionnaires and templates, assessing compliance and performance of 
social housing estates (SHEs) and taking decisions regarding regulatory 
actions.  
2. A revised report on the regulatory framework, based on input from SHRA 
Staff, SHRA Consultants and feedback during and after briefing sessions 
with the management groups of the SHEs.  
3. Three instruments for data collection, namely: 
 A database for summarising information on rental units and tenants from 
the various SHE files; and 
 A questionnaire for data collection from the management of SHEs. 
4. A report on pilot audit among three SHIs on twelve social housing estates, 
using the afore-mentioned instruments. 
 
The Tenancy Audit collects and analyses data on a number of parameters and 
provides a report on the findings. The audit itself occurs iteratively on an annual 
basis. Each year the tenants’ eligibility is validated using the Tenancy Audit in order 
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to ascertain if they still meet the requirements to receive low-cost housing. However, 
SHRA does not have the resources nor is it equipped with the necessary statistical 
expertise to conduct the technical aspect of this project on a yearly basis. 
Furthermore constant consultation with the contractors (SL Man and NMMU) would 
prove to be very time consuming and expensive. It thus becomes necessary for the 
contractors to create a harmonious statistical architecture that is automated and has 
enough guidelines to make it possible for the staff of SHRA to collect, analyse and 
disseminate the information needed to monitor the progress of the SHEs. This study 
proposes the development of such an automated system utilising Mathematica 
statistical software package. 
 
The development of the automated statistical audit system in Mathematica will be 
investigated in the following chapter using the TAS as an example. This is to 
illustrate that it is possible to automate statistical analysis for all government offices 
that require iterative monitoring of a project. 
 
4.9 SUMMARY 
 
This chapter provides a framework that encapsulates the research design and 
methodology that is necessary to complete a statistical survey analysis. This 
methodology includes processes such as the administering of questionnaires as well 
as methods used to deal with missing data. Furthermore, detailed information was 
given on techniques used for data analysis, more specifically, descriptive statistics. 
Thereafter, an explanation was given on data output and what it entails as well as 
the importance of ethical consideration during statistical collection. The chapter also 
discusses a government project initiated by the Department of Human Settlements 
and SHRA to regulate the management of low cost housing estates. Also, 
Mathematica is proposed as a tool that should be utilised in the regulation process. 
 
Chapter five will discuss the results of this study in detail. 
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CHAPTER FIVE 
 
EMPIRICAL RESULTS 
 
5.1 INTRODUCTION 
 
Chapter four of this study offered methodology utilised in statistical survey analyses 
such as statistical audits. Chapter five will focus on the results of the empirical study 
looking into an automated statistical audit system for a government regulatory 
authority.  
 
Chapter five will begin by discussing the technical development of a system for 
audits using Mathematica. The chapter will also include a discussion on preliminary 
data analysis, consisting of descriptive statistics for data inspection and variables of 
the study. Subsequently, the empirical results will be presented beginning with the 
biographical information of the tenants from the Social Housing Estates located in 
various cities around South Africa. The demographic information consists of 
information related to the tenants individually; gender, average age, household size, 
gross income, lease types, deposits, nationality, ethnicity, monthly rental amount, 
and sector of employment. The next discussion will involve the general perceptions 
regarding the physical conditions and quality per unit. 
 
This chapter involves the reported results and by doing so the third secondary 
objective of this study will be achieved. Finally, the chapter ends with a summary and 
conclusion. 
 
5.2 TECHNICAL DEVELOPMENT OF A SYSTEM FOR AUDITS 
 
Wolfram Research Incorporated (2014h) assert that Mathematica has the capability 
of performing real-time analysis of data as users can create fully interactive 
interfaces on Mathematica. This section briefly discusses the development of the 
statistical audit system on the computational software programme Mathematica. This 
section also discusses how Mathematica’s features are well poised to handle the 
demands of such a process. 
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5.2.1 QUESTIONNAIRE DESIGN TOOL 
 
The development of a questionnaire for a survey forms the first aspect of the 
statistical audit. The questionnaire serves the purpose of being the measuring 
instrument for surveys (Zikmund et al. 2013:217). The questionnaire in this study is 
built using a number of various types of metadata including statistical metadata. 
Metadata is defined as information that is used to describe other content items (UN-
ESCWA 2011:6). Statistical metadata on the other hand is documentation or 
information describing statistical data and enables users to query, share and 
understand the statistical data (LaPlant, Lestina, Gillman & Appel 1996).  
 
The development of the questionnaire was based on a study conducted by Kunzler 
(2002), in which an electronic questionnaire for an electronic data reporting survey 
was developed for the European Union. In this study Kunzler (2002:123) states that 
metadata for developing an electronic questionnaire includes the following types: 
 Structural metadata describing the actual questionnaire (includes screen 
texts, questions or statements, types of answers, rating scales used and so 
on); 
 Metadata describing the layout of the questionnaire (fonts, font size, 
colours, logos); 
 Metadata proving support for the user and for the respondent who will fill in 
the questionnaire (includes help texts, error messages and rules that 
generate output).  
 
A Mathematica notebook was used to develop the questionnaire for this study. This 
notebook was designed to be an interactive environment in which a user may 
choose the layout and design specifications of the questionnaire. Mathematica has 
built-in functions that assist in creating window dialogs that allow the user to interact 
with the questionnaire design tool. Upon opening the Mathematica notebook the user 
initiates the design process by typing a few generic key strokes (“Ctrl” plus “A” 
buttons followed by the “Shift” and “Enter/Return” buttons). The notebook then 
displays a window interface requiring the user to input details in the fields provided. 
Each entry made by the user is stored in a text document file and can be updated at 
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future points in time. These input details and entries (metadata) are the building 
blocks of the user’s specifications of the questionnaire. The algebraic capabilities of 
Mathematica allow for each entry to be defined individually such that specificity of 
the questionnaire can be set according to user requirements. Figure 5.1 gives an 
illustrative summary of the different phases of a user’s interactions with the system in 
order to produce the final questionnaire. 
 
FIGURE 5.1: Summary of Phases of User Interactions in Questionnaire Design 
Tool 
 
 
The first phase of user interactions with the notebook interface involves a window 
asking the user to fill in information that will be found on the cover page of the 
questionnaire. The next phase involves the user selecting which biographical 
information to include in the questionnaire. The questionnaire design tool is 
preloaded with generic biographical items.  The user also has the option of adding 
any further biographical statements they deem necessary. Figure 5.2 illustrates a 
snapshot of the questionnaire design tool in progress as the user selects which 
biographical data they wish to collect in the survey.  
 
 
 
Cover page 
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FIGURE 5.2: Illustration of Questionnaire Design Tool - Biographical Variables 
Selector 
 
 
Following this the user now adds statements that query respondents’ perceptions 
regarding issues and variables posed in the survey. The user has the options to 
subdivide questions into different sections of the questionnaire that itemise each 
variable to be evaluated in the study. The system interface queries the user as to the 
rating scale they wish to apply to that question. The design tool has preloaded rating 
scales that are commonly used when compiling official statistics and surveys that 
assess the perceptions of respondents. Lastly, the user has the option to add any 
remarks that may need to be filled in by the field worker. 
 
Paramount to this design process is a comprehensive help function that explains 
how to create questionnaires that are methodologically correct. The help function 
covers a range of topics for the user to consider, these include general rules to 
consider when designing questions plus definitions and examples of biographical 
information, rating scales and questions. 
 
Once the design process is complete two files are deployed as output. The first is a 
Microsoft Excel file that contains structural metadata describing the variables, codes, 
labels and scales for the biographical data and questions. This file is then used as a 
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template for creating a codebook for the data to be collected. The second file 
deployed is the actual questionnaire. The questionnaire is deployed in LaTeX 
typesetting format. The completed questionnaire designed on the Mathematica 
notebook is attached as Annexure A, as well as Annexure C, which shows the 
Mathematica code used to develop the questionnaire design tool and the 
questionnaire. 
 
5.2.2 SYSTEM OF ANALYSIS AND REPORTING TOOL 
 
This section of the statistical audit involves the transformation of data into 
information and the dissemination of the information in the form of a report. 
Completed questionnaires, once recorded in the codebook template, are placed in a 
specified destination folder. Mathematica recognises and loads all files in the 
destination folder. It thus becomes possible to load and analyse multiple data files 
that are placed in the destination folder without having to combine the files into one 
big database. This entails that it is possible to collect and analyse from a series of 
codebook files without having to amalgamate all data into one file. This is a particular 
time-saving advantage for instances when surveys cover a wide geographic area 
and questionnaire data is recorded and forwarded by individuals from different 
locations. 
 
Mathematica’s built-in technical computing and data analysis functions, including the 
ability to write one’s own expressions and models, make it possible to analyse 
survey data whether descriptive or relational in nature (Wolfram Research 
Incorporated 2014g; Wolfram Research Incorporated 2012a). Mathematica’s ability 
to assign names to lists, elements, expressions and processes is imperative to 
efficiently assign codes to variables in the codebook. Furthermore, as a solution for 
social and behavioural sciences Mathematica also has built-in socioeconomic data 
and interactivity and options for deploying results (Wolfram Research Incorporated 
2014h). An example of this is Mathematica’s “CountryData” function and Wolfram 
Alpha. This function allows the user to access a vast amount of data amassed over a 
number of years by Wolfram. The user has access to demographic data about 
countries and is able to do computations that have city properties, other geographic 
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areas, ethnicity and other demographic variables (Wolfram Research Incorporated 
(2014i).  
 
As part of the reporting mechanism, a reporting template is created on Mathematica 
and stored in the destination folder. This template is a LaTeX typesetting document 
that is filled in with statistical metadata regarding the results of the data analysis, 
descriptions of the data and questions and other specifications such as the logo and 
cover page. As a result of the data analysis a report is created automatically with the 
data received and stored. This report serves two roles. The primary role of this 
document is to report on the results of the statistical data analysis conducted. The 
secondary role is in the form of a codebook. The data is summarised and variables 
are assigned codes to make data analysis methodologically correct, more efficient 
and thus easier to interpret. The results of the analysis and the codebook, as relating 
to the case study are included as annexure B of this study. 
 
Wolfram Research Incorporated (2014h) adds that Mathematica is an all-inclusive, 
interactive system that collects analyses and reports data. Additionally, word 
processing capabilities (spell checks, font options, justification and so on) allow for 
creating questionnaires and industry standard reports whereas most other statistical 
software products are only capable of analysing data. 
 
5.3 PRELIMINARY DATA ANALYSIS 
 
According to Zikmund et al. (2010:70), data analysis is defined as the understanding 
of data gathered from various respondents and then applying reasoning to the 
information collected. There are various stages that researchers undertake during 
data analysis and these, according to Zikmund et al. (2010:462), can be seen in 
figure 5.3. 
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(Source: Zikmund et al. 2010:462) 
The following section will discuss what descriptive statistics are and how they are 
used for data inspection; thereafter the section will look into the variables used for 
the purpose of this study. 
 
5.3.1 DESCRIPTIVE STATISTICS USED FOR DATA INSPECTION 
 
A study by Keller and Warrack (2003:3) describes descriptive statistics as a method 
of organising, summarising and presenting research data in an informative way for 
the researchers. Descriptive statistics includes the measure of central tendency and 
the measure of variability. 
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5.3.1.1 Measures of Central Tendency 
 
Measures of central tendency are used to locate a distributions center using 
statistics (Zikmund et al. 2010:420). These include the mean, median and mode.  
For the purpose of this study the author statistically calculates the measures of 
central tendency which will be explained further in the empirical section. 
 
5.3.1.2 Measures of Variability 
 
Measures of variability include standard deviation. Standard deviation according to 
Zikmund et al. (2010:420), consists of distribution spreads; the square root of the 
variance for a distribution. 
 
5.3.2 VARIABLES OF THE STUDY 
 
The following table (table 5.1) illustrates the factors and variables from section A, B 
and section C of the questionnaire. However, for the purpose of this study only 
section A and B will be used to report on the empirical results (see Annexure A).  
  
TABLE 5.1: Factors and Variables Reported in the Questionnaire 
Section    Factors & Variables 
A Biographical information. 
B General perceptions regarding the physical conditions and quality of 
the units. 
C Information regarding the field workers and difficulties encountered 
during the collecting of the completed questionnaires. 
 
5.4 RESULTS OF THE EMPIRICAL INVESTIGATION 
 
The following section includes the results of biographical information of the tenants 
from the various estates. The empirical results consist of a total sample of 2405 
completed questionnaires from section A. Following this the author will discuss the 
general perceptions of the tenants investigated from section B of the questionnaire. 
The information regarding the perceptions was obtained by conducting a pilot study 
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which only consists of 318 respondents from the initial sample size. The 
questionnaire was tested for reliability and validity by SHRA before being distributed 
among the different tenants at the different SHEs. 
 
5.4.1 BIOGRAPHICAL INFORMATION 
 
The first section of the questionnaire (section A) contains biographical information 
collected relating to the respondents who are the current tenants at the different 
estates. The respective estates used for the purpose of this study are identified in 
table 5.2 as well as the total number of respondents from each estate.   
 
TABLE 5.2:  Information Pertaining to the Estates and Number of 
Respondents from each Estate 
Estate Number Number of Respondents 
1 162 
2 41 
3 299 
4 53 
5 225 
6 11 
7 141 
8 664 
9 435 
10 59 
11 287 
12 28 
 
5.4.1.1 Gender 
 
Table 5.3 below summarises gender as the first biographical variable collected about 
the respondents from the various estates. The majority of the respondents were 
females (66.03%) and the male respondents only accounted for 33.85% of the 
sample. 
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TABLE 5.3: Gender of the Main Tenants 
Gender Frequency Percentage (%) 
Female 1588 66.029 
Male 814 33.846 
Missing 3 0.125 
Total 2405 100 
 
5.4.1.2 Average Age 
 
The average age of the respondents from the various estates is illustrated in table 
5.4. The results indicated that the females where around the average age of 34.81 
years, while the males had an average age of 35.03 years. The overall average age 
of the respondents was 34.89 years, which indicates that the majority of the 
respondents were in their mid-thirties.  
 
TABLE 5.4: Average Age of the Main Tenants 
Gender Age in years 
Female 34.81 
Male 35.03 
Overall 34.89 
 
5.4.1.3 Household Size 
 
Table 5.5 clearly shows that the least (0.083%) number of occupants per household 
where between seven and eight occupants. Most (43.119%) of the units in the 
different estates were occupied by a total of two occupants. Following this, were the 
tenants that indicated that they had a total of three occupants (25.613%) staying in 
the unit. In addition, three hundred and seventy six (15.643%) respondents indicated 
that they had between four to six occupants per household. 
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TABLE 5.5: Household Size of the Tenants 
Household size Frequency Percentage (%) 
1 occupant 372 15.468 
2 occupants 1037 43.119 
3 occupants 616 25.613 
4 occupants 287 11.933 
5 occupants 70 2.911 
6 occupants 19 0.790 
7 occupants 2 0.083 
8 occupants 2 0.083 
Total 2405 100 
 
5.4.1.4 Gross Income 
 
For the purpose of this study, four categories were identified to obtain information 
regarding the total gross income of each household. Table 5.6 indicates that most 
(64.657%) of the respondents received a monthly gross income that is between 
R3500 and R7499. Furthermore, only 1.081% of the respondents receive a gross 
income that was below R1500. Respondents that had a gross income between 
R1500 and R3499 were 29.979% of the total respondents, followed by tenants that 
received a gross income of above R7500 (4.283%) on a monthly basis.  
 
TABLE 5.6: Gross Income per Household 
Gross income Frequency Percentage (%) 
Under R1500 26 1.081 
R1500 to R3499 721 29.979 
R3500 to R7499 1555 64.657 
R7500 and above 103 4.283 
Total 2405 100 
 
5.4.1.5 Lease Type 
 
About half (50.769%) of the respondents have a 1 year lease agreement with the 
Social Housing Institution (SHI) as managers of the SHEs. This was followed by 
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tenants that had a 6 month lease (13.181%). In addition, table 5.7 indicates that 
none (27.609%) of the respondents from Estate 8 indicated the type of lease the 
tenants had entered into. A possible reason for this, is that none of the respondents 
have signed a lease agreements as of yet. Also, the least number of tenants had 
agreed on an indefinite lease agreement (8.441%) with SHI. 
 
TABLE 5.7: Lease Type of the Tenants 
Lease type Frequency Percentage (%) 
Indefinite 203 8.441 
6 months 317 13.181 
1 year 1221 50.769 
Missing 664 27.609 
Total 2405 100 
 
5.4.1.6 Deposit 
 
The respondents paid varying deposits, depending on the estate as well as on the 
unit that they occupied (see table 5.8). The majority (89.896%) of the respondents 
from the different estates paid 2 months deposit to occupy the unit, which would also 
be used to pay for any damages that occurred to the unit during the tenants stay in 
the unit. Only 0.208% of the respondents paid 2.5 months’ worth of deposit. 
 
TABLE 5.8: Deposit from the Tenants 
Deposit Frequency Percentage (%) 
1 month 9 0.374 
1.5 months 99 4.116 
2 months 2162 89.896 
2.5 months 5 0.208 
3 months 63 2.620 
Missing 67 2.786 
Total 2405 100 
 
 
 
 76 
 
5.4.1.7 Nationality 
 
Table 5.9 below shows that the majority (99.168%) of the respondents that occupy 
the units are South African, followed by tenants who have been granted permanent 
resident status by the South African Home Affairs Department (0.457%). Another 
0.042% of the respondents indicated that they were naturalised citizens. In addition, 
0.333% of the respondents failed to present a valid South African ID number and 
were thus unable to prove their nationality.  
 
TABLE 5.9: Nationality of the Main Tenants 
Nationality Frequency Percentage (%) 
South African 2385 99.168 
Permanent resident 11 0.457 
Naturalised citizen 1 0.042 
Missing 8 0.333 
Total 2405 100 
 
5.4.1.8 Ethnicity 
 
Most of the respondents were from the Black (66.444%) ethnic group, followed by 
Coloureds (25.988%), and then Indians with 4.574%. The total number of White 
respondents only made up of 1.788% of the total respondents, and the least number 
of respondents were from the Asian (0.042%) ethnic group. However, 1.164% of the 
respondents did not indicate which ethnic group they were. Table 5.10 summaries 
the information received from the respondents regarding the ethnic group the 
respondents belong to. 
 
TABLE 5.10: Ethnicity of the Main Tenants 
Ethnicity Frequency Percentage (%) 
Asian 1 0.042 
Black 1598 66.444 
Coloured 625 25.988 
Indian 110 4.574 
White 43 1.788 
Missing 28 1.164 
Total 2405 100 
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5.4.1.9 Monthly Rental 
 
Table 5.11 below summaries the monthly rental paid by the tenants occupying the 
various units.   
 
TABLE 5.11: Monthly Rental by the Tenants 
Rent (Rands) Frequency Percentage (%) 
Under 500 0 0 
500 to 999 1044 43.410 
1000 to 1499 1358 56.466 
1500 to 1999 1 0.042 
2000 to 2499 2 0.083 
2500 to 3000 0 0 
Total 2405 100 
 
Table 5.11 indicates that none of the respondents paid a monthly rental fee that is 
under R500 or above R2500. Most (56.466%) of the respondents indicated that they 
paid between R1000 and R1499 for rent on a monthly basis. The results also 
showed that 43.410% of the respondents paid between R500 and R999 monthly 
rental. Another 0.083% of the respondents indicated that they pay a monthly rental 
fee that is between R2000 and R2499, and one (0.042%) respondent indicated that 
they paid between R1500 and R1999 rent monthly.  
 
5.4.1.10 Sector of Employment 
 
Table 5.12 shows that the majority of the respondents (76.300%) were currently 
employees of the private sector. Also, a total of five hundred and fifty one (21.247%) 
respondents indicated that they currently worked in the public sector. The results 
also indicated that 2.453% of the respondents had not indicated their sector of 
employment, a possible reason for this could be that they were not comfortable with 
answering this particular question or were not employed.  
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TABLE 5.12: Sector of Employment of the Main Tenants 
Sector of Employment Frequency Percentage (%) 
Private sector 1835 76.300 
Public sector 511 21.247 
Missing 59 2.453 
Total 2405 100 
 
5.4.2 GENERAL PERCEPTIONS REGARDING THE PHYSICAL CONDITIONS 
AND QUALITY OF THE UNITS 
 
For the purpose of this section (section B), the frequency distribution was 
categorised according to “strongly disagree, disagree, undecided, agree and strongly 
agree” using an ordinal scale and is shown in figure 5.4.  A sample size of 318 
respondents participated in the pilot study and their perceptions are discussed 
below. 
 
FIGURE 5.4: Physical Conditions and Quality of Units 
 
 
Figure 5.2 indicates that most (50.65%) of the respondents disagreed with the 
statements regarding the general perceptions relating to the physical condition and 
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quality of the units they currently occupy, whilst only 3.17% were undecided and 
4.05% of the respondents strongly disagreed with these general perceptions. Of the 
respondents 37.78% agreed with the general perceptions. A total of 4.36% of the 
respondents strongly agreed with the general perceptions regarding the physical 
condition and quality of the respective units. The general perceptions regarding the 
physical condition and quality of the units reported an overall mean score of 2.878 
and a standard deviation of 0.284, which are presented on table 5.13.   
 
TABLE 5.13: Descriptive Statistics of General Perceptions Regarding the 
Physical Conditions and Quality of Units 
Respondents 
 
Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13 Q14 Q15 
Strongly 
Disagree 
9 5 13 16 16 19 12 20 3 9 15 30 8 7 11 
Disagree 68 164 87 260 172 235 220 258 115 142 222 98 60 131 182 
Undecided 10 9 4 3 2 4 3 3 12 16 3 8 6 65 3 
Agree 217 123 203 34 103 53 68 34 146 129 65 175 239 97 116 
Strongly 
Agree 
14 17 11 5 25 5 15 3 42 22 13 7 5 18 6 
Mean 3.5 2.95 3.35 2.22 2.84 2.33 2.54 2.19 3.34 3.04 2.49 3.10 3.54 2.96 2.76 
Std dev 0.97 1.09 1.05 0.76 1.17 0.88 1.02 0.74 1.13 1.12 1.00 1.15 0.90 1.02 1.05 
Median 4 2 4 2 2 2 2 2 4 3 2 4 4 3 2 
Mode 4 2 4 2 2 2 2 2 4 2 2 4 4 2 2 
Overall Mean                                                                                                         2.878 
Overall Standard deviation                                            0.284 
 
Two hundred and seventeen (68.24%) respondents agreed that their personal units 
were suitably designed to meet their need; however, sixty eight (22.38%) 
respondents disagreed with this statement. Another ten (3.14%) respondents were 
undecided about the statement which means that they had mixed feeling about their 
units and could therefore not decide whether they agreed or disagreed with the 
statement. Majority (63.84%) of the respondents agreed that the units were in sound 
condition and therefore did not need any urgent repairs done to the units. However, 
a total of one hundred (31.45%) respondents either strongly disagreed or disagreed 
with the statement, which meant they believed that the units they currently occupied 
were not in sound conditions and could do with some repairs. A large majority of the 
respondents disagreed with statements suggesting that their units needed painting, 
 80 
 
electrical repairs and were damp, therefore, suggesting that none of their units 
needed such repairs. Also, the findings of the survey suggest that most of the 
respondents (54.09%) disagreed with the statement that their plumbing worked well 
and the tenants had no complaints. 
 
In addition, one hundred and forty two (44.65%) respondents reported that they did 
not need the locks in their units fixed, and another one hundred and twenty nine 
(40.57%) respondents agreed with the statement and thus needed the locks of their 
units repaired. The statement that the locks in the units should be fixed reported a 
mean score of 3.704 meaning that the majority of the respondents agree with this 
statement and a standard deviation of 1.116. The majority of the respondents 
disagreed that their units were cold in winter (69.81%), also 55.03% of the 
respondents agreed that during summer the units were very hot. A large number 
(76.73%) of the respondents either agreed or strongly agreed that the units they 
occupied leaked when it rained and scored a mean score of 3.5. Also, 57.23% of the 
respondents disagreed that the floor space is adequate. This statement scored a 
mean of 2.761 and a standard deviation of 1.048. The mean score implies that most 
of the respondents were undecided about the physical conditions and quality of the 
units they occupied. Most of the respondents (68%) fell within roughly 1 standard 
deviation of the mean. This shows that most of the respondents were not in the 
extremes in terms of disagreements and agreements. Therefore, most of the 
respondents indicated that they either agreed or disagreed with the general 
perceptions regarding the physical conditions and quality of their units 
 
5.5 SUMMARY  
 
Chapter five presented the empirical results of the study. The technical development 
of a system for audits using Mathematica was discussed. The researcher described 
two sections of a statistical audit namely; the questionnaire design tool and a system 
of analysis and reporting tool. 
 
Thereafter, a section involving preliminary data analysis followed, which consisted of 
descriptive statistics used for data inspection and the variables of the study.  
Subsequently, the results of the empirical investigation were discussed. Firstly, the 
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biographical information from section A of the questionnaire pertaining to the 
respondents as an individual tenant was discussed. The following section discussed 
the general perceptions of the respondents regarding the physical conditions and 
quality of the units they currently occupy.  
 
The next and final chapter (chapter five), will provide the reader with a brief summary 
of the entire study. Thereafter, conclusions and recommendations of the empirical 
results are made. Following this the contributions of the study will be highlighted, and 
finally the limitations of the study are discussed and recommendations for future 
research are presented. 
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CHAPTER SIX 
 
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 
 
6.1 INTRODUCTION 
 
In chapter five, the empirical results of the study were presented. Chapter six, the 
final chapter of this study, provides an overview and summary of all the chapters 
covered. In addition, this chapter will summarise and interpret the most significant 
findings and provide recommendations to governments departments and agencies 
that use quantitative analysis for regulating the quality of project outputs and the 
investment of public funds. Furthermore, the contributions and limitations will be 
discussed and lastly the researcher will suggest future research in this field. 
 
6.2 OVERVIEW OF THE STUDY 
 
Chapter one presented the introduction and background to the study. Given the 
importance of official statistics to South Africa’s infrastructure, it is important that an 
effort be made to reduce the challenges that occur during the development of official 
statistics. For official statistics to be developed successfully quality standards need 
to be built into an organisational framework and form a system of architecture. A 
need was specifically identified to develop a statistical methodology that is 
appropriate and scientifically correct, starting from the questionnaire design going 
right through to generating a report. Therefore, the focus of this study was on 
creating an automated statistical audit system for a government regulatory authority. 
Against this background the objectives of this study were formulated.  
 Secondary objective 1: To conduct a literature review regarding the nature 
and importance of official statistics as well as the principles of official 
statistics. This study has also explained government regulatory authorities, 
the need for regulation and challenges they face. In addition, statistical audit 
systems and Mathematica as a tool for developing audit systems was 
discussed. 
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 Secondary objective 2: The development of an integrated tool of analysis 
necessary for a complete statistical study starting from the questionnaire 
design going right through to generating a report. Also, the study 
investigated which research paradigm, research methodology and data 
collection methods were more suitable to address the research problem. 
 Secondary objective 3: To provide guidelines on how to develop and use an 
automated statistical audit system using Mathematica software. To 
empirically assess the demographic characteristics of tenants of Social 
Housing Estates and their perceptions towards the rental units they inhabit. 
 Secondary objective 4: To provide guidelines to government regulatory 
authorities on how to develop an appropriate and methodologically correct 
questionnaire, code book, statistical analysis of official data, interpretation 
and reporting of results. 
 
Further, chapter one described the research design and methodology. This section 
highlighted the meaning of survey design, data input, data throughtput and analysis 
and data output. Thereafter, the structure of the study was outlined. 
 
The focus of chapter two was on describing official statistics and government 
regulatory authorities. According to Elahi (2008:11), official statistics are a major 
component of Applied Statistics and defines applied statistics as the practical 
application of statistics. Furthermore, official statistics may be used in model based 
research. Official statistics are important worldwide and contribute a great deal in 
assisting government to inform certain policy debates, to make well-informed 
decisions regarding the welfare of the country and to observe the progress of the 
well-being of the nation. In addition, official statistics provide verifiable information 
that assists in the effective planning, monitoring and evaluating of socio-economic 
policies and programs. Despite their importance, the compilation of official statistics 
is commonly faced with challenges. Therefore, various principles have been put in 
place to ensure that official statistics are of a high standard which are used to ensure 
that consumer’s needs are met and are explained appropriately. Accuracy, 
confidentiality, the use of sound methodology, and timeliness and punctuality were 
discussed as some of the principles of official statistics. The chapter also explained 
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government regulatory authorities and why there is a need to regulate. According to 
Levi-Faur (2010:20), government regulation serves as an effective governance tool 
that ensures better welfare for the public, reducing market failure and reducing social 
risks. However, regardless of the need for regulatory governance, government 
institutions are faced with numerous challenges namely; effectiveness of direct 
regulation and democratic qualities or weaknesses associated with regulation.   
 
In chapter three, statistical audit systems and Mathematica were defined. Statistical 
audit systems were described and how they can be used as a tool for regulation. 
Statistical audits provide assurances regarding the quality and status of a project and 
that governance processes are effective at achieving objectives using statistical 
analysis (Project Auditors 2014; Accounting-Simplified 2013). Quality is a major 
factor in statistical audits as the processes and the results of the audit should be of 
acceptable quality standards. In order to assess quality control aspects in reporting 
official statistics it is necessary to integrate quality into the statistical production 
process. According to the United Nations Statistics Division (2007), statistical audits 
are used to assess the quality management of the statistical production processes 
and their outputs in organisations. Mathematica software can be used for 
coordinating processes, channelling information flows and production processes, 
and developing information for decision-making in government regulatory offices 
through the production of an automated system of statistical analysis that is used 
during the audit process. Further the chapter discusses social housing in South 
Africa and how there is a need for an institutional method for obtaining and 
managing housing for lower income households. In completing chapters two and 
three, the first secondary objective was achieved. 
 
Chapter four discussed the research design and methodology. The chapter began by 
explaining the purpose of statistical (data) collection. Statistical collection involves 
the process whereby a researcher makes use of numerous respondents’ responses 
to collect the necessary information from subjects of particular research questions, 
using either qualitative or quantitative methods (Collis & Hussey 2003:150). For 
researchers to obtain the necessary data it is important to perform any one of the 
following data collection methods namely; surveys, interviews, observations, scales 
and project techniques. For this study a survey was done, therefore survey design 
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was explained and what it entails as well as data input.  Following this, a detailed 
explanation of what data throughput is and the types of statistical analysis that exist 
was provided. Also, data output and ethical considerations that needs to be 
considered during statistical collection was discussed. Finally, the author introduced 
a case study explaining how Mathematica can be used in the regulatory processes 
of the social housing sector. The second secondary objective was achieved in this 
chapter. 
 
In chapter five, the technical development of a system for audits was discussed. The 
researcher illustrated how Mathematica can be used to develop a statistical audit 
system. The author further explained how Mathematica can be used as a 
questionnaire design tool and a system of analysis and a reporting tool. Once the 
design process for the questionnaire is complete, Mathematica deploys a Microsoft 
Excel file that contains structural metadata describing the variables, codes, labels 
and scales for the biographical data and questions as well as a questionnaire in a 
LaTeX typesetting format. Also, a reporting template is created on Mathematica and 
stored in the destination folder which is filled in with statistical metadata regarding 
the results of the data analysis as a LaTeX typesetting document. 
 
Chapter five also discusses the results obtained from the case study conducted to 
apply the automated statistical audit in a real life situation from a sample size of 2405 
respondents. The results started with a summary of the biographical information 
collected from the respondents who participated in the study from twelve different 
Social Housing Estates (SHEs) located around South Africa. The results showed that 
the majority (66.029%) of the respondents were females and that the majority of the 
respondents were around the average age of 34.89 years. Most (43.119%) of the 
respondents indicated that their units had a total of two occupants. Also, 64.657% of 
the respondents indicated that they received a monthly gross income between 
R3500 and R7499, followed by respondents (29.979%) with a gross income between 
R1500 and R3499 monthly. Most (50.769%) of the respondents had a one year 
lease. A large number (89.896%) of the respondents paid a two month deposit for 
occupying their units. The majority (99.168%) of the respondents were South African 
and where black (66.444%), followed by coloured (25.988%). Most (56.466%) of the 
respondents indicated that they paid between R1000 and R1499 for rent on a 
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monthly basis and the majority of the respondents (76.300%) were currently 
employees of the private sector. 
 
Moreover, a pilot study was conducted from a sample of 318 respondents from the 
initial respondents to investigate the general perceptions of the respondents 
regarding the physical conditions and quality of their units. The results indicated that 
most (55.65%) of the respondents disagreed with the general perceptions of the 
physical conditions and quality of their units. However, 37.78% of the respondents 
agreed with these perceptions. The general perceptions regarding the physical 
condition and quality of the units reported an overall mean score of 2.878 and a 
standard deviation of 0.284. The 2.878 mean score indicated that the respondents 
were more undecided about the physical conditions and quality of their units. The 
third secondary objective was achieved by presenting these results.  
 
6.3 DISCUSSION OF RESULTS, CONCLUSIONS AND 
RECOMMENDATIONS  
 
The primary objective of this study was to develop a statistical methodology that is 
appropriate and scientifically correct using an automated statistical system for audits 
in government regulatory authorities. Chapter five of this study reported on the 
technical development of a system for audits and how Mathematica can be used to 
develop a statistical audit system. The chapter also discussed the results obtained 
from the case study conducted to apply the automated statistical audit in a real life 
situation. As such, the primary objective of the study was achieved. 
 
The following sections will discuss the most significant findings of this study and 
draw appropriate conclusions. Based on these discussions and conclusions, several 
recommendations will be made. The fourth and final secondary objective of this 
study is thus achieved. 
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6.3.1 TECHNICAL DEVELOPMENT OF AUTOMATED STATISTICAL SYSTEM 
FOR AUDITS 
 
Chapter five of this study investigated the development of a system of statistical 
analysis used in the auditing process. The system of analysis was developed using 
Mathematica software. This involved creating a step-by-step questionnaire design 
tool, an automated analysis of survey data and the generation of a report and 
codebook explaining the data. 
 
Mathematica’s free-form linguistic approach, the use of natural language as input 
code as well as built-in data analysis and word processing functionality made it 
possible to create a system that has outputs specific to the needs of users. The audit 
system minimises the interference of public officials who are not well trained in 
conducting statistical research. The system minimises human error by successfully 
creating a questionnaire, codebook and standard report of data analysis as 
automatic outputs. This ultimately allows clients (in this case government regulatory 
authorities) to create valid and reliable questionnaires which in turn translates to 
more accurate and timely results.  
 
The author of this study therefore recommends that government regulatory offices 
must put in place automated systems that allow for more efficiency and quality in 
producing official statistics. These departments can thus use quality official statistics 
to work more efficiently in delivering better services and for the protection of 
government investments. 
 
6.3.2 BIOGRAPHICAL INFORMATION 
 
The results of the study indicated that the majority of the respondents were black 
females in their mid-thirties. The results indicate that the majority of individuals that 
are in need of low cost housing are black females that are in the beginning stages of 
establishing a home. A possible reason for this could be the lack of job opportunities 
for females and because of this the female respondents are unable to afford homes 
for themselves. Most of the respondents had at least two occupants per unit, 
followed by three occupants and then four. The results also indicated that most of 
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the respondents had a gross income that ranged from R1500 to R7500 monthly; 
SHRA uses these to come to a decision on who needs the low cost housing. Further, 
the majority of the respondents indicated that they had a one year lease agreement 
with SHI. This could be due to two main reasons. Firstly, the standard lease 
agreement for rental housing is on a yearly basis, another reason is that the earnings 
of the tenants are validated by SHRA annually to ascertain tenants that qualify for 
low cost housing, if not the tenant’s lease is not renewed.  
 
6.3.3 GENERAL PERCEPTIONS REGARDING THE PHYSICAL CONDITIONS 
AND QUALITY OF THE UNITS 
 
The majority of respondents disagreed with the general perceptions regarding the 
physical condition and quality of the units. Most of the respondents indicated that the 
units they occupied were designed in a manner that was suitable for their needs and 
were in a sound condition. The respondents further disagreed that the units required 
urgent repairs, painting and plumbing done to them. In addition the respondents felt 
that their units were not cold during winter, however, the respondents further 
indicated that the units were very hot during summer. Some of the respondents did 
however indicate that they needed the locks of the unit’s fixed and experienced leaks 
when it rained. The author recommends that the problems pointed out by the 
respondents should be dealt with as they hinder with the safety and health of the 
inhabitants. 
 
It is also clear that the majority of the respondents did not have any problems with 
the physical conditions and quality of the units. This showed that the units were still 
in a good condition and the tenants were satisfied with their units. It is also 
recommended that regular maintenance checks are done to ensure that tenants do 
not have these problems for long and also ensure that the problems that do occur do 
not re-occur once taken care of. 
 
6.4 CONTRIBUTIONS OF THIS STUDY 
 
This study has made a contribution towards the theoretical and empirical knowledge 
regarding official statistics, government regulatory authorities, statistical audits, the 
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automation of statistical analysis and Mathematica. This study also provides insight 
on how government regulatory authorities can best utilise automated statistical 
audits for regulation purposes and achieved this by developing an automated 
statistical audit system for government regulatory authorities. 
 
As far as can be established, no other studies in South Africa have investigated the 
use of an automated statistical audit system for a government regulatory authority. 
This study has thus made a contribution in this perspective, whereas most studies 
assess statistical audit systems, statistical analysis, automated questionnaire 
development, and government regulatory authorities individually. 
 
Government employees have limited knowledge regarding how to complete 
methodologically correct surveys.  This study thus contributes by developing a 
statistical methodology that is appropriate and scientifically correct that acts as a 
guideline for public officials. A solution to this knowledge gap is training public 
officials on how to utilise the automated statistical audit system.  
 
This study contributes towards reducing the time frame and increasing the quality of 
reporting information used in regulatory governance. By utilising this study, 
government departments can minimise the use of consultants or external institutions 
when compiling official statistics for regulatory purposes. This is achieved by 
government regulatory authorities compiling their own statistical audits using 
automated, in-house systems and technologies.  
 
Further contributions made by the study include the increase of the body of 
knowledge in the low cost rental housing sector. Moreover, the empirical findings of 
this study give recommendations regarding the regulation and maintenance of low 
cost housing in South Africa.   
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6.5 LIMITATIONS OF THE STUDY AND RECOMMENDATIONS FOR 
FUTURE RESEARCH 
 
Despite the contributions of this study, the author of the study came across several 
limitations that should be mentioned. Also, several opportunities for future research 
will be presented.    
 
There is limited literature regarding statistical audits and automation of statistical 
analysis. Further research that incorporates both statistical audits and the 
automation of statistical analysis could be investigated. 
 
In terms of generalisability, the pilot study regarding the perceptions of tenants 
towards physical conditions and quality of the units was limited to a small sample 
size relative to the population.  This study makes use of convenience sampling and 
one of the limitations of this technique is that it is difficult to generalise results for all 
tenants of the low cost housing initiative. Future research regarding the perceptions 
of tenants needs a larger sample size and the use of a random sampling technique. 
 
6.6 CONCLUDING REMARKS 
 
The compilation of official statistics is a complex and technical process. These 
statistics are necessary to make decisions regarding policy issues and to protect the 
investment of public funds. To assist government regulatory authorities in compiling 
quality official statistics that are error free and timely, several recommendations and 
suggestions were put forward in this study. The most notable of these 
recommendations are those that relate to regulatory authorities integrating into their 
organisational structure, a statistical architecture that encompasses the quality 
aspects of statistics production. The findings of this study illustrate that by utilising an 
architecture that conducts automated survey design aspects, statistical analysis and 
reporting functions, government regulatory authorities are able to constantly compile 
timely, quality official statistics that are critical in governance processes.  
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ANNEXURE A: QUESTIONNAIRE 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
SOCIAL HOUSING SURVEY: TENANCY AUDIT
TO BE FILLED IN BY THE RESPONDENT ANONYMOUSLY
December 2014
1
1 SECTION A: Biographical Information
1.Gender Male Female
2.Age of Main Tenant
3.Household Size
4.Gross Income Below R1500 R1500 - R3499 R3500 - R7499 R7500 and above
5.Length of Lease Agreement Indefinite 6 months 1 year
6.Deposit Paid (e.g. 1 month, 6 months or 1 year’s deposit paid.)
7.Nationality: (ID/Passport Number)
8.Ethnicity Asian Black Coloured Indian White
9.Monthly Rental Amount Below R500 R500 - R999 R1000 - R1499 R1500 - R1999 R2000 - R2499 R2500 - R3000
10.Sector of Employment Public Sector Private Sector
2 Physical Condition and Quality of Your Unit
For the statements below indicate to which extent you agree ar disagree
11.The unit is suitably designed Strongly Disagree Disagree Undecided Agree Strongly Agree
12.My unit requires urgent repairs Strongly Disagree Disagree Undecided Agree Strongly Agree
13.My unit is in sound condition Strongly Disagree Disagree Undecided Agree Strongly Agree
14.My unit needs painting Strongly Disagree Disagree Undecided Agree Strongly Agree
15.My plumbing works well, no complaints Strongly Disagree Disagree Undecided Agree Strongly Agree
16.My unit needs electrical repairs Strongly Disagree Disagree Undecided Agree Strongly Agree
17.My unit is damp Strongly Disagree Disagree Undecided Agree Strongly Agree
18.Door(s) in my unit need(s) repairs Strongly Disagree Disagree Undecided Agree Strongly Agree
19.Window(s) in my unit should be fixed Strongly Disagree Disagree Undecided Agree Strongly Agree
20.Lock(s) in my unit should be fixed Strongly Disagree Disagree Undecided Agree Strongly Agree
21.My unit is cold in winter Strongly Disagree Disagree Undecided Agree Strongly Agree
22.My unit is very hot in summer Strongly Disagree Disagree Undecided Agree Strongly Agree
23.I have leaks when it rains Strongly Disagree Disagree Undecided Agree Strongly Agree
24.The unit is well ventilated Strongly Disagree Disagree Undecided Agree Strongly Agree
25.Floor space is adequate Strongly Disagree Disagree Undecided Agree Strongly Agree
2
3 Filled by the fieldworker
26.Fieldworkers name
27.Interview started (time)
28.Interview ended (time)
Please indicate what kind of difficulties you had getting answers to the questions. Examples of the possible difficulties are
listed below:
1. respondent hesitated to answer the question due to sensitive nature of the question (e.g. income, age, etc.)
2. respondent resisted to answer the question due to unknown reason
3. respondent had difficulty understanding the question due to poor wording (if possible, suggest better wording)
4. respondent does not know the answer to the question
5. You feel that the respondent was not sincere/honest answering this question
6. Respondent resisted to be cooperative (try to figure out the reason)
7. Respondent was aggressive (try to figure out the reason)
8. Other difficulties
9. Indicate which questions should be removed from the questionnaire, state why.
3
Question # Describe the difficulty (or give number from the above list)
4
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ANNEXURE B: TENANCY AUDIT 

Tenancy Audit
Social Housing Regulatory Authority
December 2014
Contents
1 Biographical Data 2
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2.1 Questionnaire Items . . . . . . . . . . . . . . . . . . . . . . . . . 11
2.2 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
1
Chapter 1
Biographical Data
All Estates, covered in the audit: SHE1, SHE2, SHE3, SHE4, SHE5, SHE6,
SHE7, SHE8, SHE9, SHE10, SHE11, SHE12
2
1.1 Gender Analysis
Gender of the Main Tenants: All Estates Code Frequency Per Cent
Female F 1588 66.0291
Male M 814 33.8462
MISSING MISSING 3 0.12474
Table 1.1: All Estates
Pie-Chart: All Estates
Female
Male
MISSING
Figure 1.1: Gender of the Main Tenants: All Estates
3
1.2 Average Age of the Main Tenants
Average Age of the Main Tenants: All Estates Age in Years
Females 34.81
Males 35.03
Overall 34.89
Table 1.2: All Estates
1.3 Household Size Analysis
Household Size of the Tenants: All Estates %
1 15.468
2 43.119
3 25.613
4 11.933
5 2.911
6 0.790
7 0.083
8 0.083
average occupants 2.470
Table 1.3: All Estates
1.4 Income Analysis
Gross Income per household: All Estates %
Under 1500 1.081
1500 to 3499 29.979
3500 to 7499 64.657
7500 and above 4.283
average income (Rands) 4803.44
Table 1.4: All Estates
4
Histogram: All Estates
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Figure 1.2: Gross Income of Household: All Estates
1.5 Lease Type of the Tenants
• All units in SHE1 and SHE2 have ”Indefinite” lease;
• All units in SHE4, SHE5, SHE6 and SHE12 have ”6 months” lease;
• All units in SHE3, SHE9, SHE7, SHE10 and SHE11 have ”1 year” lease;
• SHE8 - no information;
NB: Expired leases included in the above numbers
1.6 Deposit from the Tenants
• All units in SHE1, SHE2, SHE3, SHE4, SHE5, SHE6, SHE8, SHE12 SHE7
SHE11 SHE9 SHE10 have ”2 months” deposit
• In SHE9 and SHE10 :
– 374 units have ”2 months” deposit
– 2 units have ”2.5 months” deposit
– 62 units have ”3 months” deposit
5
• In SHE7:
– 6 units have ”1 month” deposit
– 8 units have ”1.5 months” deposit
– 114 units have ”2 months” deposit
– 3 units have ”2.5 month” deposit
• In SHE11:
– 3 units have ”1 month” deposit
– 91 units have ”1.5 months” deposit
– 191 units have ”2 months” deposit
– 1 unit has ”3 month” deposit
• 73 observations were missing
NB: Expired leases included in the above numbers
1.7 Nationality of the Main Tenants
Nationality of the Main Tenants: All Estates Code Frequency Per Cent
South African 7 2385 99.168
Permanent Resident 8 11 0.457
Naturalized Citizen 9 1 0.042
Missing MISSING 8 0.333
Table 1.5: All Estates
NB: Missing means that the tenant failed to have South African ID Number;
in all likeliness this person is not a South African
6
Pie-Chart: All Estates
South African
Permanent Resident9MISSING
Figure 1.3: Nationality of the Main Tenants: All Estates
1.8 Ethnicity Analysis
Ethnicity of the main tenant: All Estates Code Frequency Per Cent
ASIAN A 1 0.042
BLACK B 1598 66.444
COLOURED C 625 25.988
INDIAN I 110 4.574
WHITE W 43 1.788
MISSING MISSING 28 1.164
Table 1.6: All Estates
7
Pie-Chart: All Estates
ASIAN
BLACK
COLOURED
INDIAN
MISSING
WHITE
Figure 1.4: Ethnicity of the Main Tenants: All Estates
1.9 Monthly Rental Analysis
Monthly Rental by Tenants: All Estates Frequency %
under 500 0 0.
500 to 999 1044 43.410
1000 to 1499 1358 56.466
1500 to 1999 1 0.042
2000 to 2499 2 0.083
2500 to 3000 0 0.000
Total 653 1661.96
Table 1.7: All Estates
8
1.10 Sector of Employment Analysis
Sector of Employment of the Main Tenants: All Estates Code Frequency %
MISSING MISSING 59 2.453
PRIVATE PRIVATE 1835 76.300
PUBLIC PUBLIC 511 21.247
Table 1.8: All Estates
Pie-Chart: All Estates
MISSING
PRIVATE
PUBLIC
Figure 1.5: Sector of Employement of the Main Tenants: All Estates
9
Chapter 2
Perceptions Regarding
Physical Condition and
Quality of Units
10
2.1 Questionnaire Items
5 point Likert:
1. Strongly Disagree
2. Disagree
3. Undecided
4. Agree
5. Strongly agree
The unit is suitably designed
My unit requires urgent repairs
My unit is in sound condition
My unit needs painting
My plumbing works well, no complaints
My unit needs electrical repairs
My unit is damp
Door(s) in my unit need(s) repairs
Window(s) in my unit should be fixed
Lock(s) in my unit should be fixed
My unit is cold in winter
My unit is very hot in summer
I have leaks when it rains
The unit is well ventilated
Floor space is adequate
Table 2.1: Questionnaire Items and Type of Scale
2.2 Results
Perception Code %
Strongly Disagree 1 4.05%
Disagree 2 50.65%
Undecided 3 3.17%
Agree 4 37.78%
Strongly Agree 5 4.36%
Sample Size 318
Table 2.2: Perceptions Regarding Physical Conditions and Quality of Units
11
Bar-Graph: All Perceptions
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Figure 2.1: Perceptions Regarding Physical Condition and Quality of Units
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ANNEXURE C: MATHEMATICA CODE FOR QUESTIONNAIRE DESIGN TOOL 
QUESTIONNAIRE DESIGN
Press “Ctrl+A” and then hold “Shift” key 
while pressing “Enter”
Directory
SetDirectory["D:\\usb\\year 5\\SHRA\\My questionnaire"]
D:\usb\year 5\SHRA\My questionnaire
logo = Import["logo.pdf"];
Export["logo.jpg", logo];
shralogo = Import["logo.jpg"];
Export["shralogo.eps", shralogo];
Title of survey
appendname = # <> "; h \n" &;
DialogInput[{TextCell["Please fill in the title and date of the survey."],
DefaultButton[]}];
CreateDialog[Grid[{{"Title of survey:", InputField[
Dynamic[nm, (nm = ToUpperCase[#]) &], String, ContinuousAction → True]},{"Date:", InputField[Dynamic[dt, (dt = ToUpperCase[#]) &], String,
ContinuousAction → True]}, {"Author/Organisation:", InputField[
Dynamic[au, (au = ToUpperCase[#]) &], String, ContinuousAction → True]},{CancelButton[], DefaultButton[DialogReturn[name =
List[nm, dt, au, "TO BE FILLED IN BY THE RESPONDENT ANONYMOUSLY"]]]}},
Spacings → {1, Automatic}, Alignment → Right], Modal → True];
nametrue = Map[appendname, name];
Export["check.txt", nametrue];
Section A - Biographical Information
DialogInput[{TextCell["Choose the biographical information to include."],
DefaultButton[]}];
bio = DialogInput[{x = {}},
Column[{
"Please check the relevant boxes to choose
the biographical information you want to include.",
CheckboxBar[Dynamic[x], {"Gender", "Age", "Household Size",
"Marital Status", "Gross Income",
"Length of Lease Agreement", "Number of Years in Complex",
"Deposit Paid (e.g. 1 month, 6 months, 1 year)", "ID/Passport Number",
"Ethnicity", "Level of Education", "Monthly Rental Amount",
"Sector of Employment"}, Appearance → "Vertical"],
Row[{DefaultButton["Proceed", DialogReturn[{x}]],
CancelButton["Cancel", DialogReturn[{}]]}]}]];
morequestion = True;
listofquestions = {};
collectquestion := If[morequestion,
CreateDialog[{TextCell["Type the additional biographical question here."],
InputField[Dynamic[question], String], Button["Proceed",
If[question ≠ "", listofquestions = Append[listofquestions, question];
question = "", morequestion = False]]}], DialogReturn[]]
extrabio =
ChoiceDialog["Is there another biographical statement you wish to add?",{Yes → "add", No → "no", Help → "help"}];
If[extrabio ⩵ "add", collectquestion, ""];
If[extrabio ⩵ "no", MessageDialog["You Selected: " <> ToString[bio]], ""]
If[extrabio ⩵ "help",
helpbio = ChoiceDialog["Biographical information is normally the
first section of a questionnaire and states the personal
and/or professional information of the respondent.
Demographic information is collected for two purposes:
1. To describe the characteristics of participants in the study;
2. To provide a way to form subgroups in order to make comparisons.
A few things to remember. Ask for data that you will use! For example you
may want to investigate gender differences in your survey
responses or differences based on certain experiences, such as
whether or not a respondent has worked for the government.",{"Add statement" → "add", Continue → "cancel"}, WindowTitle →
"Help: Demographic Information"], ""];
If[helpbio ⩵ "add", collectquestion, ""];
NotebookObject 23 
allbio = Flatten[Append[bio, listofquestions]];
MessageDialog["You Selected: " <> ToString[allbio]];
2     My questionnaire.nb
length = Length[allbio]
10
allbio1 = StringJoin[allbio[[1]], ";", " o;", "{\"Male\", \"Female\"}",
"\n \n", allbio[[2]], ";", " d", "\n \n", allbio[[3]], ";", " d",
"\n \n", allbio[[4]], ";", " o; ", "{\"Below R1500\", \"R1500 -
R3499\", \"R3500 - R7499\", \"R7500 and above\"}", "\n \n",
allbio[[5]], ";", " d;", "\n \n", allbio[[6]], ";", " d;", "\n \n",
allbio[[7]], ";", " d;", "\n \n", allbio[[8]], ";", " o; ",
"{\"Asian\", \"Black\", \"Coloured\", \"Indian\", \"White\"}",
"\n \n", allbio[[9]], ";", " o; ",
"{\"Below R500\", \"R500 - R999\", \"R1000 - R1499\", \"R1500- R1999\", \"R2000 - R2499\", \"R2500 - R3000\"}", "\n \n",
allbio[[10]], " o; ", "{\"Public Sector\", \"Private Sector\"} \n"];
subheading = List["SECTION A: Biographical Information; s \n"];
allbio2 = Flatten[Append[subheading, allbio1]];
Export["check.txt", allbio2];
Section B - General perceptions of respondent
CreateDialog[{TextCell["Please type the heading of the following section."],
InputField[Dynamic[heading, (heading = ToUpperCase[#]) &], String,
ContinuousAction → True], DefaultButton[DialogReturn[sectionhead = List[
StringJoin["SECTION B: GENERAL PERCEPTIONS OF ", heading, "; s \n"],
"For the following statment(s) below please indicate to which
extent you agree or disagree; h \n"]]]}, Modal → True];
sectionhead
{"SECTION B: GENERAL PERCEPTIONS OF
PHYSICAL CONDITION AND QUALITY OF YOUR UNIT; s \n",
"For the following statment(s) below please indicate to
which extent you agree or disagree; h \n"}{SECTION B: GENERAL PERCEPTIONS
OF PHYSICAL CONDITION AND QUALITY OF YOUR UNIT; s
, For the following statment(s) below please indicate
to which extent you agree or disagree; h}
scale = ChoiceDialog["Choose the type of scale for the questions",{Nominal → "no", Numerical → "nu", Likert - type → "lt",
Semantic Differential → "sd", Help → "hp"}];
If[scale == "lt", points = ChoiceDialog[
"How many points should be in the Likert-scale?",{3 point → "3pt", 5 piont → "5pt", 7 point → "7pt"}], ""];
If[scale ⩵ "hp", helpfixedrs = ChoiceDialog[
"Fixed-Response Formats for Survey Items
Measurement scales fall into four categorical types: rating, ranking,
categorisation and sorting. Fixed-response items provide
My questionnaire.nb    3
choices to respondents who must select one of the choices you
provide. Example of fixed-response items can be checklists,
rating scales, semantic differential scales, or ranking formats.
Rating scales are used when respondents score an
object or indicate without making a direct comparison
to another object or attitude. They are useful for:
1. Gathering information about the degree to which a person finds something
interesting, satisfying, helpful (or some other adjective);
2. Measuring attitudes, opinions, perceptions and beliefs;
3. Determining how frequently a person participates in certain activities.
The most common rating scale type is the Likert-type rating
scale. The respondent is asked to agree or disagree
with each statement. An example for this scale is:
'The Internet is superior to traditional libraries for comprhensive searches.'(1)Strongly Agree (2)Agree (3)Neither Agree
Nor Disagree (4)Disagree (5)Strongly Disagree
Semantic differential scales are a combination of an adjective checklist and
the rating scale. This scale measures the psychological
meanings of an attitude object using bipolar adjectives.
Researchers use this scale for studies such as brand and
institutional image. In this format, the single concept to be
rated is written above the scale, with opposing adjectives or
short phrases at each end, as shown in the following example.
'How would you rate the use of a computer-based chat room to work on your
survey project? Check the appropriate space on each scale.'
Interesting __: __: __: __: __: __: __: Unintersting
Confusing __: __: __: __: __: __: __: Clear
The type of items you include in your survey (and the type of responses that
go with these items) will depend on your research question:
What do you want to know? If your survey project will be
relatively short, we recommend that you use only one type
of fixed-response question. Longer surveys can use a variety
of formats, matching the format to the purpose of the item.",{"Back to Scales" -> "ok"}, WindowTitle → "Help: Rating Scales",
WindowElements →{"VerticalScrollBar", "HorizontalScrollBar", "StatusArea"},
WindowSize → Medium], ""];
If[helpfixedrs ⩵ "ok", scale = ChoiceDialog[
"Choose the type of scale for the questions",{Nominal → "no", Numerical → "nu", Likert - type → "lt",
Semantic Differential → "sd", Help → "hp"}];, ""];
If[scale == "lt", points = ChoiceDialog[
"How many points should be in the Likert-scale?",{3 point → "3pt", 5 piont → "5pt", 7 point → "7pt"}], ""];
morestatement = True;
listofstatements = {};
collectstatement :=
If[morestatement, CreateDialog[{TextCell["Enter your questions here.
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Press Proceed after entering question and x to close."],
InputField[Dynamic[statement], String], Button["Proceed",
If[statement ≠ "", listofstatements = Append[listofstatements, statement];
statement = "", morestatement = False]]}], DialogReturn[]]
collectstatement;
appendelement = # <> "; l; 1" &;
allstatements = sectionhead~Join~Map[appendelement, listofstatements]{SECTION B: GENERAL PERCEPTIONS
OF PHYSICAL CONDITION AND QUALITY OF YOUR UNIT; s
, For the following statment(s) below please indicate
to which extent you agree or disagree; h
, The unit is suitably designed; l; 1, My unit requires urgent repairs; l; 1,
My unit is in sound condition; l; 1, My unit needs painting; l; 1,
My plumbing works well, no complaints; l; 1,
My unit needs electrical repairs; l; 1, My unit is damp; l; 1,
Door(s) in my unit need(s) repairs; l; 1,
Window(s) in my unit should be fixed; l; 1,
Lock(s) in my unit should be fixed; l; 1, My unit is cold in winter; l; 1,
My unit is very hot in summer; l; 1, I have leaks when it rains; l; 1,
The unit is well ventilated; l; 1, Floor space is adequate; l; 1}
Export["check.txt", allstatements];
Combine questions
nametrue = Map[appendname, name];
combinedquestions = nametrue~Join~allbio2~Join~allstatements;
Export["myquestions.txt", combinedquestions];
Template
template = Import["template.tex", "Text"];
tail2 = Import["tail.tex", "Text"];
q = StringSplit[Import["Bio.txt"], "\n"];
qq = Table[Append[StringSplit[q[[i]], ";"], "e"], {i, 1, Length[q]}];(* we add another element to each question,
to make the question at least two elements long *)(* if the type of the question was not defined,
the question will be regarded as "H" (heading) by default *)
Length[q]
Length[qq]
qq[[1]]
13
13
{Biographical Information, b, e}
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Likert = "\\noindent\\begin{tabular}{|p{8cm}|c|c|c|c|c|}\\hline* & Strongly Disagree & Disagree & Undecided &
Agree & Strongly Agree \\\\ \\hline \\end{tabular}"
Direct = "\\noindent\\begin{tabular}{|l|c|}\\hline *Dq
& *Dl~~~~~~~~ \\\\ \\hline \\end{tabular}"
DirectL = "\\noindent\\begin{tabular}{|l|}\\hline *Dq
\\\\ \\hline *Dl \\\\ \\hline \\end{tabular}"
OptsL = "\\noindent\\begin{tabular}{|*C|}\\hline *Dq \\\\
\\hline *O \\\\ \\hline \\end{tabular}"
YesNo = "\\noindent\\begin{tabular}{|l|*C}\\hline*Y \\\\ \\hline \\end{tabular}"
Opts = "\\noindent\\begin{tabular}{|l|*C|}\\hline *O \\\\ \\hline
Section C - Remarks
Using template to create questionnaire
template = Import["template.tex", "Text"];
tail2 = Import["tail.tex", "Text"];
qq = StringSplit[Import["check modified.txt"], "\n"];
qqq = Table[Append[StringSplit[qq[[i]], ";"], "e"], {i, 1, Length[qq]}];
Length[qq]
Length[qqq]
qqq[[1]]
56
56
{SECTION A: Biographical Information, s, e}
qqq[[1, 2]] ⩵ " s"
True
{head, tail} = StringSplit[template, "*"];
head;
{{a1, a2}} = StringPosition[head, "\#1"]
title = "SOCIAL HOUSING SURVEY: TENANCY AUDIT"
head = StringReplacePart[head, title, {a1, a2}];{{a1, a2}} = StringPosition[head, "\#2"]
subtitle = "TO BE FILLED IN BY THE RESPONDENT ANONYMOUSLY"
head = StringReplacePart[head, subtitle, {a1, a2}];{{739, 741}}
SOCIAL HOUSING SURVEY: TENANCY AUDIT
{{833, 835}}
TO BE FILLED IN BY THE RESPONDENT ANONYMOUSLY
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a1
833
(* define questionnaire title *)
title = "Social Housing Audit: Tenancy Audit"(* qN - the first value of the counter of the questions,
normally it equals 0 -
it will be increased by 1 whenever a new question is built *)
qN = 0 (*define the number of the first question *)
Social Housing Audit: Tenancy Audit
0
Likert = "\\noindent\\begin{tabular}{|p{8cm}|c|c|c|c|c|}\\hline* & Strongly Disagree & Disagree & Undecided &
Agree & Strongly Agree \\\\ \\hline \\end{tabular}"
Direct = "\\noindent\\begin{tabular}{|l|c|}\\hline *Dq
& *Dl~~~~~~~~ \\\\ \\hline \\end{tabular}"
DirectL = "\\noindent\\begin{tabular}{|l|}\\hline *Dq
\\\\ \\hline *Dl \\\\ \\hline \\end{tabular}"
OptsL = "\\noindent\\begin{tabular}{|*C|}\\hline *Dq \\\\
\\hline *O \\\\ \\hline \\end{tabular}"
YesNo = "\\noindent\\begin{tabular}{|l|*C}\\hline*Y \\\\ \\hline \\end{tabular}"
Opts = "\\noindent\\begin{tabular}{|l|*C|}\\hline*O \\\\ \\hline \\end{tabular}"
\noindent\begin{tabular}{|p{8cm}|c|c|c|c|c|}\hline * & Strongly Disagree &
Disagree & Undecided & Agree & Strongly Agree \\ \hline \end{tabular}
\noindent\begin{tabular}{|l|c|}\hline*Dq & *Dl~~~~~~~~ \\ \hline \end{tabular}
\noindent\begin{tabular}{|l|}\hline *Dq \\ \hline *Dl \\ \hline \end{tabular}
\noindent\begin{tabular}{|*C|}\hline *Dq \\ \hline *O \\ \hline \end{tabular}
\noindent\begin{tabular}{|l|*C}\hline *Y \\ \hline \end{tabular}
\noindent\begin{tabular}{|l|*C|}\hline *O \\ \hline \end{tabular}
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(* analyse question, "s" - new section, "h" - heading, "b" - blank line *)
aq[q_] := Module[{q1, t, flag, type, os, pn, qn},
q1 = If[Length[q] ≤ 1, {" ", " b"}, q];
t = q1[[2]];(*Flag is zero, if none of the standard types appear, one otherwise *)
flag = If[Not[(t == " l") || (t == " d") || (t == " dl") || (t == " y") ||(t ⩵ " o") || (t ⩵ " ol") || (t ⩵ " b") || (t ⩵ " s")], 0, 1];
qn = q1[[1]];
type = If[(flag ⩵ 0) || (t ⩵ "h"), "H",
If[t == " l", "L",
If[t ⩵ " d", "D",
If[t ⩵ " y", "Y",
If[t ⩵ " s", "S",
If[t ⩵ " b", "B",
If[t ⩵ " o", "O",
If[t ⩵ " ol", "OL", "DL"]]]]]]]];
os = If[(type ⩵ "O") || (type ⩵ "OL"),
ToString[q[[3]]], {"options not required"}];(* pn - positive or negative: reads respective
number (1 or 0) from the questions file *)(* by default, the pn is 1 *)
pn = If[(type ⩵ "L") || (type ⩵ "Y"), ToString[q[[3]]], 1];{qn, type, ToExpression[os], pn}]
qN
0
qqq[[15]]{Nationality: (ID/Passport Number), d, e}
aq[qqq[[15]]]{Nationality: (ID/Passport Number), D, {not options required}, 1}
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mq[q_, t_, os_, pn_, qN_] := Module[{q1, qq1, t1, ts, tsL, l, c, ccc1, ccc2, cccc3},
q1 = "\\theq.\\addtocounter{q}{1}" <> q;
t1 = t;
qq1 = If[t1 ⩵ "L", StringReplace[Likert, "*" → q1] <> "\\\\", qq1];
ts = StringReplace[ToString[Table["~", {70 - StringLength[q1]}]],{"," → "", "{" → "", "}" → ""}];
tsL =
"~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~";
qq1 = If[t1 == "S", "\\subsection*{\\thesect~" <>
ToString[q] <> "}\\addtocounter{sect}{1}", qq1];
qq1 = If[t1 ⩵ "H", "\\subsection*{" <> ToString[q] <> "}", qq1];
qq1 = If[t1 ⩵ "B", "
", qq1];
qq1 =
If[t1 ⩵ "D", StringReplace[Direct, {"*Dq" → q1, "*Dl" → ts}] <> "\\\\", qq1];
qq1 = If[t1 ⩵ "DL", StringReplace[DirectL, {"*Dq" → q1, "*Dl" → ts}] <> "\\\\",
qq1];
ccc1 = q1 <> "&" <> "yes & no & can't answer";
qq1 = If[t1 ⩵ "Y",
StringReplace[YesNo, {"*Y" → ccc1, "*C" → "c|c|c|"}] <> "\\\\", qq1];
l = Length[os];
c = Table["c", {i, 1, l}];
cc = StringReplace[ToString[c], {"," → "|", "{" → "", "}" → ""}];
ccc2 = q1 <> "&" <> StringReplace[ToString[os], {"," → "&", "{" → "", "}" → ""}];
qq1 = If[t1 ⩵ "O", StringReplace[Opts, {"*O" → ccc2, "*C" → cc}] <> "\\\\", qq1];
ccc3 = StringReplace[ToString[os], {"," → "&", "{" → "", "}" → ""}];
qq1 = If[t1 ⩵ "OL", StringReplace[OptsL, {"*O" → ccc3, "*C" → cc,
"*Dq" -> "\\multicolumn{" <> ToString[l] <> "}{|l|}{" <> q1 <> "}"}], qq1];
qq1]
aq[qqq[[1]]]{SECTION A: Biographical Information, S, {not options required}, 1}
joinTablesD[t_] := StringReplace[t,
"\\end{tabular}\\\\\\noindent\\begin{tabular}{|l|c|}\\hline" → "\\"]
joinTablesL[t_] := StringReplace[t,
"\\end{tabular}\\\\\\noindent\\begin{tabular}{|p{8cm}|c|c|c|c|c|}\\hline" →
"\\"]
joinTablesO[t_] := StringReplace[t,
"\\end{tabular}\\\\\\noindent\\begin{tabular}{|l|c| c| c| c| c|}\\hline" →
"\\"]
joinTablesY[t_] := StringReplace[t,
"\\end{tabular}\\\\\\noindent\\begin{tabular}{|l|c|c|c|}\\hline" → "\\"]
StringLength[qqq[[1, 2]]]
2
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quest = {}{qn1, type1, os1, pn1} = aq[qqq[[1]]]
If[type1 == "H", quest = Append[quest, "\\subsection*{" <> qn1 <> "}"]]
If[type1 == "S", quest = Append[quest,
"\\subsection*{\\thesect~" <> qn1 <> "}\\addtocounter{sect}{1}"]]
If[type1 == "B", quest = Append[quest, "\\\\"];
quest = Append[quest, "
"];
quest = Append[quest, "
"];];
{}
{SECTION A: Biographical Information, S, {not options required}, 1}
{\subsection*{\thesect~SECTION
A: Biographical Information}\addtocounter{sect}{1}}
Head[aq[qqq[[1]]][[2]]]
String
qqq{{SECTION A: Biographical Information, s, e},{e}, {Gender, o, "{\"Male\", \"Female\"}" , e}, {e},{Age of Main Tenant, d, e}, {e}, {Household Size, d, e}, {e},{Gross Income, o, "{\"Below R1500\", \"R1500 - R3499\", \"R3500 -
R7499\", \"R7500 and above\"}", e}, {e}, {Length of Lease Agreement,
o, "{\"Indefinite\", \"6 months\", \"1 year\"}", e}, {e},{Deposit Paid (e.g. 1 month, 6 months or 1 year's deposit paid.), d, e},{e}, {Nationality: (ID/Passport Number), d, e}, {e}, {Ethnicity, o,
"{\"Asian\", \"Black\", \"Coloured\", \"Indian\", \"White\"}", e}, {e},{Monthly Rental Amount, o, "{\"Below R500\", \"R500 - R999\", \"R1000 -
R1499\", \"R1500 - R1999\", \"R2000 - R2499\", \"R2500 - R3000\"}", e},{e}, {Sector of Employment, o, "{\"Public Sector\", \"Private Sector\"}", e},{e}, {Physical Condition and Quality of Your Unit, s, e}, {e},{For the statements below indicate to which extent you agree ar disagree,
h, e}, {e}, {The unit is suitably designed, l, 1, e},{My unit requires urgent repairs, l, 0, e},{My unit is in sound condition, l, 1, e},{My unit needs painting, l, 0, e},{My plumbing works well, no complaints, l, 1, e},{My unit needs electrical repairs, l, 0, e}, {My unit is damp, l, 0, e},{Door(s) in my unit need(s) repairs, l, 0, e},{Window(s) in my unit should be fixed, l, 0, e},{Lock(s) in my unit should be fixed, l, 0, e},{My unit is cold in winter, l, 0, e},{My unit is very hot in summer, l, 0, e},{I have leaks when it rains, l, 0, e},{The unit is well ventilated, l, 1, e}, {Floor space is adequate, l, 1, e},{e}, {e}, {e}, {e}, {e}, {\vskip3in, h, e}, {e}, {e}, {e},{Filled by the fieldworker, s, e}, {e}, {e}, {Fieldworker s name, d, e},{Interview started (time), d, e}, {Interview ended (time), d, e}}
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quest = {};
qN = 0;
qData = {};
For[i = 1, i ≤ Length[qqq], i++,(*Print[i];*){qn1, type1, os1, pn1} = aq[qqq[[i]]];(* qN will increase with every question (real question),
for headings, sections, etc., the number is set to zero *)
qNt = If[type1 ⩵ "L" || type1 ⩵ "D" || type1 ⩵ "DL" ||
type1 ⩵ "L" || type1 ⩵ "Y" || type1 ⩵ "O" || type1 ⩵ "OL", ++qN, 0];
qData = Append[qData, {qn1, type1, os1, pn1, qNt}];(*If[type1=="H",quest=Append[quest,"\\subsection*{"<>qn1<>"}"];
Continue[]];
If[type1=="S",quest=Append[quest,
"\\subsection*{\\thesect~"<>qn1<>"}\\addtocounter{sect}{1}"];
Continue[]];
If[type1=="B",quest=Append[quest,"\\\\"];
quest=Append[quest,"
"];
quest=Append[quest,"
"];
;Continue[]];*)
quest = Append[quest, mq[qn1, type1, ToExpression[os1], pn1, qN]]]
TableForm[Take[qData, 10]]
SECTION A: Biographical Information S not options required
B not options required
Gender O {"Male", "Female"}
B not options required
Age of Main Tenant D not options required
B not options required
Household Size D not options required
B not options required
Gross Income O {"Below R1500", "R1500 - R3499", "R3500
B not options required
Length[qData]
qData[[28]]
56
{My unit requires urgent repairs, L, {not options required}, 0, 12}
stringQData = "";
For[i = 1, i ≤ Length[qData], i++,
stringQData = stringQData <> ToString[qData[[i]]] <> "\n"]
outputString = StringJoin[quest];
output = joinTablesD[outputString];
output = joinTablesL[output];
output = joinTablesO[output];
output = joinTablesY[output]
Export["finalquestionnaire.tex",
head <> output <> tail2 <> tail <> "\n" <> stringQData, "Text"]
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\subsection*{\thesect~SECTION A:
Biographical Information}\addtocounter{sect}{1}
\noindent\begin{tabular}{|l|c| c|}\hline
\theq.\addtocounter{q}{1}Gender&Male& Female \\ \hline \end{tabular}\\
\noindent\begin{tabular}{|l|c|}\hline \theq.\addtocounter{q}{1}Age
of Main Tenant & ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~ ~ ~ ~ ~ ~ ~ ~ ~~~~~~~~~ \\ \hline \end{tabular}\\
\noindent\begin{tabular}{|l|c|}\hline \theq.\addtocounter{q}{1}Household
Size & ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~ ~ ~ ~ ~ ~ ~ ~ ~~~~~~~~~ \\ \hline \end{tabular}\\
\noindent\begin{tabular}{|l|c| c| c| c|}\hline
\theq.\addtocounter{q}{1}Gross Income&Below R1500& R1500 -
R3499& R3500 - R7499& R7500 and above \\ \hline \end{tabular}\\
\noindent\begin{tabular}{|l|c| c| c|}\hline \theq.\addtocounter{q}{1}Length of
Lease Agreement&Indefinite& 6 months& 1 year \\ \hline \end{tabular}\\
\noindent\begin{tabular}{|l|c|}\hline
\theq.\addtocounter{q}{1}Deposit Paid (e.g. 1 month, 6 months
or 1 year's deposit paid.) & ~~~~~~~~ \\ \hline \end{tabular}\\
\noindent\begin{tabular}{|l|c|}\hline
\theq.\addtocounter{q}{1}Nationality: (ID/Passport Number)
& ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~~~~~~ \\ \hline \end{tabular}\\
\noindent\begin{tabular}{|l|c| c| c| c|
c|}\hline \theq.\addtocounter{q}{1}Ethnicity&Asian&
Black& Coloured& Indian& White \\ \hline \end{tabular}\\
\noindent\begin{tabular}{|l|c| c| c| c|
c| c|}\hline \theq.\addtocounter{q}{1}Monthly Rental
Amount&Below R500& R500 - R999& R1000 - R1499& R1500 - R1999&
R2000 - R2499& R2500 - R3000 \\ \hline \end{tabular}\\
\noindent\begin{tabular}{|l|c| c|}\hline \theq.\addtocounter{q}{1}Sector of
Employment&Public Sector& Private Sector \\ \hline \end{tabular}\\
\subsection*{\thesect~Physical Condition
and Quality of Your Unit}\addtocounter{sect}{1}
\subsection*{For the statements below
indicate to which extent you agree ar disagree}
\noindent\begin{tabular}{|p{8cm}|c|c|c|c|c|}\hline
\theq.\addtocounter{q}{1}The unit is suitably designed & Strongly
Disagree & Disagree & Undecided & Agree & Strongly Agree \\ \hline \
\theq.\addtocounter{q}{1}My unit requires urgent repairs & Strongly
Disagree & Disagree & Undecided & Agree & Strongly Agree \\ \hline
\ \theq.\addtocounter{q}{1}My unit is in sound condition & Strongly
Disagree & Disagree & Undecided & Agree & Strongly Agree \\ \hline
\ \theq.\addtocounter{q}{1}My unit needs painting & Strongly
Disagree & Disagree & Undecided & Agree & Strongly Agree \\ \hline
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\ \theq.\addtocounter{q}{1}My plumbing works well, no complaints &
Strongly Disagree & Disagree & Undecided & Agree & Strongly Agree \\
\hline \ \theq.\addtocounter{q}{1}My unit needs electrical repairs
& Strongly Disagree & Disagree & Undecided & Agree & Strongly Agree
\\ \hline \ \theq.\addtocounter{q}{1}My unit is damp & Strongly
Disagree & Disagree & Undecided & Agree & Strongly Agree \\ \hline \
\theq.\addtocounter{q}{1}Door(s) in my unit need(s) repairs & Strongly
Disagree & Disagree & Undecided & Agree & Strongly Agree \\ \hline
\ \theq.\addtocounter{q}{1}Window(s) in my unit should be fixed &
Strongly Disagree & Disagree & Undecided & Agree & Strongly Agree
\\ \hline \ \theq.\addtocounter{q}{1}Lock(s) in my unit should be
fixed & Strongly Disagree & Disagree & Undecided & Agree & Strongly
Agree \\ \hline \ \theq.\addtocounter{q}{1}My unit is cold in winter
& Strongly Disagree & Disagree & Undecided & Agree & Strongly Agree
\\ \hline \ \theq.\addtocounter{q}{1}My unit is very hot in summer &
Strongly Disagree & Disagree & Undecided & Agree & Strongly Agree \\
\hline \ \theq.\addtocounter{q}{1}I have leaks when it rains & Strongly
Disagree & Disagree & Undecided & Agree & Strongly Agree \\ \hline
\ \theq.\addtocounter{q}{1}The unit is well ventilated & Strongly
Disagree & Disagree & Undecided & Agree & Strongly Agree \\ \hline \
\theq.\addtocounter{q}{1}Floor space is adequate & Strongly Disagree &
Disagree & Undecided & Agree & Strongly Agree \\ \hline \end{tabular}\\
\subsection*{\vskip3in}
\subsection*{\thesect~Filled by the fieldworker}\addtocounter{sect}{1}
\noindent\begin{tabular}{|l|c|}\hline \theq.\addtocounter{q}{1}Fieldworker s
name & ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~~~~~~
\\ \hline \ \theq.\addtocounter{q}{1}Interview started (time) &~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~~~~~~ \\ \hline \
\theq.\addtocounter{q}{1}Interview ended (time) & ~ ~ ~ ~ ~ ~ ~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~~~~~~ \\ \hline \end{tabular}\\
finalquestionnaire.tex
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